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PREFACE 

Tertiary-phosphines and arsines form complexes with 
transition metals which are of importance because of their 
interesting molecular structure, physical and chenical beha- 
viours, The complexes of ruthenium are of special interest 
because they act as good catalysts in many reactions and 
serve as starting materials for the syntheses of new complexes. 
Present work deals with the reactions of some of the ruthe- 
nium(lll) and ruthenium( II) complexes of tertiary-phosphine 
and arsine with various ligands and their various physical 
and chemical properties needed for the xonders tan ding of their 
structures. 

Chapter I describes the scope of the work and a brief 
literature survey regarding the nature of Metal-Phosphorus 
and Metal-Arsenic bond. The work done on ruthenium(ll) and 
ruthenium ( III) tertiary-phosphine and arsine complexes in the 
recent years has also been described in this chapter. 

In Chapter II, a detailed investigation of the reactions 
of [RuCI^ ( AePh^) 2 0 ■with ligands containing nitrogen, sulphur 
and oxygen donor atoms has been presented and the physical 
and chemical properties of the resulting corapowds discussed. 

Chapter III describes some further reactions carried out 
on [RuCI^C A sPh^) 2 ] together with the preparation of a new 
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ruthenium ( III) complex [ RuBr^ ( AsPh^) results of the 

physicochemical methods used to understand their structures 
have been discussed. 

Chapter IV deals with the reactions carried out on some 
ruthenium ( III) triphenylphsphine and triphenyl arsine complexes 
with p -diketones. The physical and chemical properties of 
the compounds obtained have been studied with various physico- 
chemical techniques and their structures have been proposed. 

In Chapter V, a thorough reinvestigation of the compound 
[RuCI^CAsP]:^) 2(OAsPh2) ]has been presented alongwith the preparations 
of some new ruthenium( II) and ruthenium ( III) complexes. Their 
structures have been postulated on the basis of the studies 
carried out on these complexes. 

Chapter VI describes some of the reactions of p-diketones 
with ruthenium( II) hydrido-carbonylphosphine complexes and the 
results of the studies carried out on the products. 
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CHAPTER I' 


INTRODUCTION 


SCOPE ^A^^ ^,^ECTIVE_OF THE I^|UC 

Complexes of transition metals with tertiary-phosphines 
and arsines have gained considerable interest during the last 
two decades.^ ^ Attanpts have been made to understand the nature 
of bond formed between the metal ion and the phosphorus or arsenic 
atom of the ligand in such complexes. Plenty of information is 
available regarding the nature of metal -phosphorus bond for phos- 
phorus containing ligands. However, the nature of bond formed 
between metal and heavier Group VB donor elonents is not still 

3 

well established. 

A very large nimber of complexes of rutheniim ( III) and 
ruthenium( II) with texrtiary-phosphines have been synthesized 
and studied in detail, but not much literature is available on 
the complexes of ruthenium(ll) and especially of ruthenium (ill) 
with tertiary mono- arsines. Most of the ruth®iium(ll) and a few 
of the ruthenium(IIl) complexes containing tertiary-phosphines 
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and arsines have been used as catalysts'^ in many reactions/ 
e^g,/ hydrogenation/ Gxidation/ hydro formyl at ion, hydration/ 
polymerisation/ carbonyl ation/ decarbonyl ation/ dehydrogenation/ 
desulphonylation/ isomerisation and alkylation and some of the 
complexes have been used as starting materials^"^ for the syn- 
theses of novel ruthenlum(ll) and ruth eniura( III) complexes con- 
taining tertiary phosphines and arsines bonded to metal ion 
besides other ligands. It will/ therefore, be interesting to 
study the reactions of ruthenium(lll) and ruthenium( II) complexes 
of tertiary-phosphines and arsines with various ligands leading 
to the formation of new complexes and to investigate their struc- 
tures. The possibility of using them as catalysts in various 
reactions and as starting materials for the syntheses of new 
compounds will also be Interesting to study. 

AsPh^) 2 i with 

various ligands containing nitrogen/ oxygen and sulphur donor 
atoms have been discussed and the structures of the complexes/ 
thus formed have been postulated by studying their ir, visible/ 
magnetic and other physical studies. The compounds obtained are 
of the type (i) [ RuCl2( AsPh^) ](L = CH2CH2CH2CN/ GH2*=CHCN/ dmf/ 
CH^CHO/ CgH^CHO etc.) / (ii) [RuCI^C A sPh^) L ](Lebipy/ 1,10 phen/, 
(Me2S) 2) . ( iii) [RuCl2(AsPh2) 2^2 ^ (L^CH^CN, CH2CH2CH2CN/ 
ai2='CHGN) and (iv) Me^N[RuCl2X(AsPh3) 2 ] (X = Br or I) , On the 
basis of the study of the electronic spectra of the complexes , 
an equilibrium between hexa- and pent a- coordinated species in 


In this thesiS/ the reactions of jJluCl^C 
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solution has been jjostulated. 

Further reactions of [ RuCl^C AsPh^) 3 J with VNa thiocyanate, 
carboxylateS/ anmonia/ amine and hydrazines have also been stu“ 
died. The reactions of the Complex with thiocyanates and car- 
boxylates gave [RuCSCN) ^ ('AsPh3) ^ ] and [ RuCl2(AsPh3) ^(RCOO) ](R>= 

CH3/ *^2^5^ respectively, while those with ammonia, amine and 
hydrazines gave rutheniuin(ll) complexes of the type[RuCl2( AsPh3) 2^23 
(L^NH^, CH2NH2/ CgHgNHNH2) , Besides this, a new ruthe- 

nium(lll) complex [ RuBr^ ( AsPh3) 3 ] has also been synthesized. 

The reactions of p-diketones vritK ■'='^me of the rutheniim- 
(lll) phosphine and arsine complexes, viz., [ RuX^C EPh3) 3] (X = Cl, 

Br; E = P, As) and [Ru3r3(PPh3) 2*l^eOH ] gave compounds of the type 
[RuXjCbdk) (EPh3) .2 ] (bdk = acetyl acetonate, dibenzoylmethanate, 
benzoyl acetonate; E=P, As; X=C 1 , Br) . Most of these complexes 
showed higher magnetic moment values which have been explained 
assuming a thermal equilibrium between spin paired and spin free 
states. The esr study of these complexes have also been done. 

The reactions of p-diketones with rutheniimC II) hydrido carbonyl 
complexes, viz., [RuH 2( CO) (PPh3) 3 ] and [RuHCl(CO) (PPh^) 33have 
been studied and the products characterised,. Moreover, p -dike- 
tones reacted with [ RuCI 2 (PPh^) 2]^^ [RuCl2(AsPh2) 2 32. • 

dimeric ruthenium( II) complexes of the type RuCl(bdk) (£1=113) 2 - j* 

Finally, reinvestigation on the ruthenium (ill) complex 
CRuGl2(AsPh3) (0AsPh3) 2 ] revealed that it should have been formu- 
lated as [RuCl2{AsPh3) 2 (0«AsPh3)3 • Two new complexes^ ^ ^ ^ 
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[ RuCl^ { NO) ( AsPh^) ( OAsPhg ) ] and [ RuCl ^ ( CO) ^ ( As 1^13) ( OAsPh3) ] have 
been prepared from the reactions of [RuCl3(AsPh3) 2(0AsPh3) ] and 
NO and CO gases. A new isomer of f RuCl^ (AsPh3) 3 ] has been syn- 
thesized from [ RuCl3(AsPh3) 2-WeOH ] with excess of triphenyl- 
arsine. On the basis of the esr spectra of the brown and pink 
compounds/ it has been shown that the former compound should 
have 03^ symmetry and the latter/ 


PRESENT STATUS OF METAL- PHOSPHORUS BOND 


In the middle of this century a kind of similarity, was 

noted between carbon monoxide/ phosphorus and arsenic donors in 

their ability to form complexes with transition metals. Based 

on Pauling' s theory of metal carbonyl double bonding/ J, Chatt*^^ 

surmised that phosphorus* in ligands such as tertiary phosphines 

had vacant d-orbitals capable of accepting electrons from filled 

metal d-orbitals and thus, forming a "dative t-bond" in addition 

to the ligand-metal cr-bond. The transfer of electron density 

from the metal to ligand would be promoted by electronegative 

75 

groups bonded to phosphomas. Chatt tested the theory by stu- 
dying the interaction of phosphorus trifluoride with platinum(Il) 
chloride and boron trifluoride where platinum formed stuitable 
complexes and boron* which has no electrons available for dative 
It -bond formation did not have any significant interaction with 
phosphorus trifluoride. This suggestion of back bonding or 
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^ overlap between the metal and donor atoms was also 
introduced by Nyholm and covjorkers.^^' Much of the discussion 
about the nature of bond between phosphorus and metals has cen- 
tered on the relative importance of cr or n contributions to, the 
metal-ligand bonding and this topic remains one of considerable 
controversy. 

Regarding the nature of bonding between metal ion to phos- 
phorus containing ligands it appears to be reasonably clear that 
the metals in oxidation state (ll) or higher form pure 0 -bonds 
with alkyl or aryl phosphines. In complexes in which the metal 
is in zero or (-l) oxidation state there is an extensive parti- 
cipation of <y- and “B-lxind. For intermediate situations due to 
either lack of suitable results or lack of agfreement concerning 
their interpretation/ there is uncertainity in the degree of 
tl -character in the M-P bond. These conclusions are based on the 
results of the studies carried out using various ' physical 
msthods’^®**^^ (Table I.l). 

For bonds between metal to ligands containing heavier 

group VB atoms/ there are no systematic studies and therefore, 

the results are few in number. However, it appears that the 

arsines as ligands behave very similar to the phosphines and • 

therefore, it may be that the tertiary arsines also form a - 

bonds with higher oxidation states of metal. This assumption 

97 

may not be correct as was pointed out by Pauling who noted 
that Co-As and Mn-As bonds in trans-ICoCl^C diarsine) 2 ]"^ and 
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The studies on M-P bond 


Physical 

Comply methods Inference Reference 

used 


[PtX2(PR3)2] 

31o 

P nmr 

-bond 

79 

cis- and trans- 

Bond energy 
measurement 

0 - and 
u -bond 

80 

trans-{ PtMe(CO) (AsMe 3 ) 2 - 

1+ 13^ 

1 C nmr 

c -bond 

81 

trans-[ PtXY(PR 2 ) 2 ^ 

(X = anionic ligand; 

Y = m-f luorophenyl) 

F nmr 

c -bond 

82 

trans- [PtXYCPR^) 2 J 
( Y = p-f luorophenyl) 

19tp 

P nmr 

c + 11 -bond 

82 

[W(C0)5L] 

ir 

0 +11 -bond 

00 

U) 

CD 

Ni(o) complexes of di- 
arsine and diphosphine 

Bond order 
measurement 

0 +7t -bond 

85 

cis- and trans- 




[ PtCl2( PR3) 2 3 

[ PdCl2(PR3)2] and 
[ M(PR3)2<C0)^] 

{M- Cr, Mo, w) 

31® 

P nmr i 

0 +'rt -bond 

86-93 

[Ni<CO)2(PR3) 2 I 

■^^P nmr 

0+71 -bond 

94,95 

Trif luorophosphine 
complexes of Ni 

ir, nmr, dipole 
mcxnent 

strong 

It -bond 

96 
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[{Mn (71 ( C0)^2^ diarsine) ] are shorter than their respective 

estimated single bond distances. But similar shortening of the 

M-P bond length has also been observed for metals in quite high 

Qjcidation states. It has been suggested that the metal radii are 

98 

quite significantly dependent on the nature of ligands. 


Various physical studies on the Pt(ll)/ Fe(ll) and Fe(IIl) 
complexes with arsenic and antimony donors indicate the 0 + it 
interaction increases in the order Ph 2 As< Ph 2 Sb< Ph^P and the 
study of pentacyanato Pe(ll) and Pe(lll) derivatives suggested 
that It- affinity of Ph^As and Ph^Sb are similar and lower than 
that of Ph 3 P.^^"^°^ 


T^TI^Y-PHOSPHINE , i^INE , OTPLEpS, OP ^.RUTH^IUM ( Il)_ 


■There has been a considerable and growing interest- in the 
chonistry of ruthenivim( II) complexes \- 7 ith mono-tertiary phosphine, 
arsine and stibine. Many hydride, carbonyl and hydrido carbonyl 
complexes of ruthenium( II) with tertiary-phosphine and arsine 
have also been reported.^ 

Some of the ruthenivimCll) complexes have been used as cata- 
lysts for a variety of reactions, including hydrogenation, oxida- 
tion, hydro formyl at ion, hydration, polymerisation, carbonyl at ion, 

decarbonyl at ion, dehydrogenation, desulphonylation, isomerisation 

4 

and alkylation. A review article by B.R. James describes these 



8 


reactions covering literature till 1969 , Some important ruthe~ 
nium(Il) complexes showing these properties are [RuCl 2 (PPh 2 ) 

C RuCl2(PPh3)^], CRuHCl<PPh3)3].and EruHCoCOCH^) (PPh3)3]. 

[ RuCl 2 (PPh 3 ) 3 ] has been found to have a distorted square 
pyramidal structure having trans-chlorine atoms and trans- • 
phosphorus atoms in the base and an apical phosphorus atom. 
Ruthenium atom lies close to the centre of the square pyramid. 
Apical Ru-P distance is shorter by 0,16 S than the basal Ru-P 
distance. The unused octahedral site is blocked by a phenyl 
ring. Some interesting reactions of [ RuCl 2 (PPh 3 ) 3 ] are given 
in Table 1.2. , 

An active and much studied catalyst for hydrogenation is 
[RuHCl(PPh 3 ) 3 ]. It is prepared^® from [ RuCl 2 (PPh 3 ) ^ and sodium 
borohydride in benzene solution containing little water. It is 
found to have a distorted trigonal bipyramidal geometry/ vhere 
the two axial triphenylphosphine groups bend from the perpendi- 
cular position to accommodate the equatorial phenyl groups. The 
chlorine atom occupies the second equatorial position/ but the 
hydride hydrogen can not occupy the expected position in the 
equatorial plane because of the proximity of a phenyl a-hydrogen 
almost in the plane at 2,85 ^ from the ruthenium atom. The 
hydride hydrogen is displaced such that the equatorial P-Ru-H 
angle is approximately 89*^. 

Many carbonyl phosphine and arsine complexes of rutheniTm- 
(ll) are reported to have been prepared from the carbonyls or 
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the phosphino carbonyls of ruthenium. Complexes of the type 
[RuX^CCO) (L^PPh^, AsPh3, PEt^, AsEt^, PEt2Ph, PEtPh2, 

PMePh2, PCCgH^^)^, AsMePh2, PhCH2FMe2/ PhCH 2 A 5 Me 2 and X = Cl, I; 
L=PPh3, PEt3 andX=H), [RuX 2 (C 0 ) 3(PPh3)]‘^^"'^'^ (X= Cl, Br, l) 
and [RuX 2 (C 0 ) 2(PPh3)] (X=C 1 , Br, l) were prepared using 

various carbonyls e.g., [ Ru(CO) 2X2]j^ (X=C 1 , l) , Cru 3 <CO)^ 23 / 

[Ru(CO) 3(PR3) 2] and[ Ru3(CO)^(PR3)3]. 

A dinitrogen complex of ruthenium(ll) viz., [ Ru(N2) (PPh3) 3H2] 
was obtained by Yamamoto et in solution, whereas Khoth^*^ 

isolated and characterised it. This complex looses nitrogen when 
treated with triphenylphosphine/ ammonia/ hydrogen and hydrogen 
chloride gas to give [RuH 2( PPh3) ^], [ RuH 2(NH3) (PPh3) 3], [ RuH^(PPh3) 3] 
and[RuCl2(PPh3) 3 j respectively. 


Some ruthenixam complexes with dioxygen of the type 
£ R\^(N 0 ) ( PPh3) 2( ^2^ ^ (X=C 1 or NCS) are also reported. They 

act as catalyst in the oxidation of triphenylphosphine to tri- 
phenylphosphine oxide by molecular oxygen. • Graham et 
have studied the kinetics of oxidation of triphenylphosphine in 
the presence of [ru(NCS) (NO) (PPh3) 2(^2^^ and have postulated a 
mechanism for the oxidation. 


tertiary- phosphine and ARSINE complexes OP ruthenium (III) 


Eventhough there has been extensive research carried out 
on ruthenixm(Il) tertiary phosphine and arsine complexes, the 
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study on ruthenium (ill) is relatively less. However/ the study 
regarding the complexes of ruth enium( III) with tertiary arsines 
seems to be a neglected one. Ruthenium ( III) tertiary- phosphine 
and arsine complexes described in the literature are discussed 
here in this section. 

Nyholm et al.^^^ reported the preparations of ruthenium( III) 
complexes with 0 -phenylenebis- dim ethyl arsine (DA) . The complexes 
they have obtained are [RuX2(DA) C RuX^(DA) J (X = C 1 , Br) and 
[RuX2(DA)2]Y (X=C 1 / Y=C 1 ; X=Br/ Y = Br; X=C 1 / Y = CIO^; X*= I, 

Y » CIO^) . These complexes were prepared by the oxidation of the 
rutheni\OT<Il) complexes [RuX2(Da) 2] (X=C 1 / Br) by chlorine and 
bromine. 

The only known ruthenium( III) carbonyl phosphine complex 
C RuBr^Cco) (PPh^) 2] been prepared by Vaska^^^ along with other 
ruth enitjm( III) complexes [ RuX^L^.MeOH ] (x=Cl/ Br; L=PPh2/ 

AsPh^) . The preparation, magnetic and dipolonoment studies have 
been reported for [RuCI^ (MEt2Ph) (M=P, As) . Stephenson 

et al.^^"^ reported complexes of the type [RuX^L^MeOH ](X=C 1 , Br; 

b=PPh3, AsPh3 and mERuCI^L^] (H=St2PhPH, Et3PH; L = PEt2ph/ PEt3) . 
Nicholson^^^ reported the preparation of .mixed ruthenium( II) and 
ruthenium (ill) complexes [ RU2 Cl and a dimeric ruthenium (III) 

complex [ RuCl3L2] 2 (b = PPr3^, PBu3^) . The dimeric complex 

2 has been formulated as halogen bridged dimer. The 
complex [ Ru2Clg ( PBu 3’^) ^ ] has been shown by X-ray structure^^^ 
analysis to be analo^us to theC Ru2Cl3(PR3)g]ci complexes, 


[ RUCI3L23 
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(postulated to contain a triple chloride bridge) with two 
chloride ions replacing two phosphine groups to give a neutral 
complex with formal mixed oxidation states of ruthenium( II) and 
ruthenium(lll). 

Various methods of the prepar:ation of the complexes 

mer-[RuX 2 L 2 ] (X=C1, Br; L=IMe 2 Ph, PEt 2 Ph andX=Cl, L = PBu 2 ^Ph, 

PPh^) have been reported, culminating in a paper by Chatt et all^^ 

in which a general preparative method has been given. Further 

109 110 

papers have discussed the esr and configuration of these 
and other platinum-metal tertiary phosphine and arsine complexes i 
[ RuCl^ (PPr 2 ^Ph) has been prepared by the reaction of 

RUCI 2 . 3 H 2 O and PPr 2 ^Ph. Recently the preparations of 
[ RuCl^ ( AsPh^) 2 ] and [ RuCl^CAsPh^) (OAsPh^) ^ } have been reported 

' 112' 

along with some of their reactions. 

, . Some of the reactions carried out on ruthenium ( III) ter- 
tiary phosphine and arsine complexes are given in Table 1 . 3 . ' 

Much of the reactions of ruthenium ( III) tertiary phosphine 

1 1 1 

and arsine complexes have come from Stephenson et al. * 

Reactions of tetraraethyl ammonium and tetraphenylarsonixim halides 
with complexes [RuX^L^MeOH] (X= C1, Br; L=PPh 2 , AsPh 2 ) gave 
ionic complexes of the type MLRuX^L^ J (M Ph^As , Me^N ; L^PPh^/ 
AsPh^; X =C1, Br) and m[RuC 1 ^(PR 3 ) 2 I (M* Ph^As***, He^N'^; PR^'PEt^, 

* ' 1' 'O '' 

PPh^, PMe 2 ph) • He has also obtained [ RuCl^CAsPh^) ' 

[ RuBr 3 ( PPhj) 2 H 2 O ]H20^ and h[RuC 1^ ( PPh3) 2 ] • ^ 



of some ruthenium(lll) complexes with various ligands 
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115 

Ruiz-Ramirez et al. have reported the preparations of 
a number of rutheni'um(lll) complexes by the reactions of 
[ RuXsC EPhs) 2-MeOHj (x = Cl, Br; E=P, As) with various ligands. 
One reaction of [RuCI^ ( AsPh3) 2.MeOH ] with cyclopentadiene in . 
presence of Zn leading to [ (ir-C^H^) Ru{ AsPh^) 2Cl]^^^ has also 
been reported, 

[ RuCl^CAsPh^) 2*^eOH] and [ RuCl^CPPh^) 2.MeOH] have been 
used as catalysts in the homogeneous reduction of 1 -hexene to 

-t T, 117 

1 -hexane. 
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CHAPTER II 


RUTHENIUM (III) AND RUTHENIUM ( II) COMPLEXES 
CONTAINING TRIPHENYLARSINB AND OTHER LIGANDS 


During the last decade a relatively large number of 
ruthenium(ll) complexes of tertiary phosphines have been syn- 
thesized. Some of these have been used as good catalysts^ for 

various reactions e.g., hydrogenation/ oxidation, isomerisation 

2 

etc. and some, as starting materials for the syntheses of a 
wide range of ruthenium(ll) complexes. The complexes of ruthe- 
nium(IIl) containing triphenylphosphine and those of ruthenitim- 
(ll) and ruthenium( III) with tertiary mono—arsines are rela- 
tively few in number. Besides, practically not much work related 
to their utility as catalysts or starting materialshas been repor- 
ted in the literature. Only a few ruthenium(lll) complexes with 

• 2-rlO ■ 

tertiary mono- arsines as one of the ligands have be^ repoirted. 

Two new ruth eni\im( III) compounds viz., [ RuCl^XAsPh^) ^ 3 and ■ 
[RuCl^CAsPh^) (OAsPh^) 2 3diave been reported. It will, therefore. 
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be interesting to study the potentialities of these complexes 
as starting materials for the syntheses of ruthenium (ill) and 
ruthehium(ll) complexes. This chapter describes the syntheses 
of a wide range of ruthenium(lll) and rutheniumC ll) complexes 
containing triphenylarsine as one of the ligands^ starting with 
the complex [RuCl^ ( AsPh^) • it seems that this complex 
behaves similar to [ RuCl^ ( AsPh^) 2 ] in reactions with 
various weakly coordinating ligand molecules. As a result of 
a few new interesting reactions some new compounds have been' 
isolated. These compounds have been characterised by various 
physicochemical methods and their geometries have been proposed. 

All the reagents used were Analar or of chemically pure 
grade. All the solvents were freshly distilled before use. 

Triphenylarsine, trichloro-tris( triphenylarsine) ruthe- 

nixim(lll) and ■ dichloro~bis( triphenyl arsine) ruthenium (ll) were 

11-13 

prepared according to the methods described in the literature. 
Ppeparatijons p,f Ccxnpl^^s .and .Iheir .Re.act^pns 

(i) Preparation o:C RuCl^ ( AsPh^) 2 • S ] (where S = RCN (R = CH2, C^H^, 
Ch“cH 2CH2\' *CH2=CH) / dl2W2\\C2H^^ GgHgCHO'/ 

, ^^2, dmso or thf) ' " ' • 

0,2 g-of trichloro-tris (triphenylarsine) ruthenium(lll) 

E RuCl^ (AsPhg) 2 ]was taken in minimum amount of the solvit (s) 
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to dissolve the compound and heated on a water bath for about 
5 minutes when a reddish-brown colour appeared and finally the 
colour changed to green, red or brown depending on the solvent 
used. On cooling the solution, compound started crystallizing 
out. The crystals were separated by filtration and washed with 
ether and dried under vacutim. 

(ii) Preparation of [ RuCl^ ( AsPh^) ] (where S = pyridine, or 

a-picoline) ' ' ' 

The method of synthesis of these compounds was similar to 
(i) except that the clear solution, obtained after heating on a 
wafeer^bath, was cooled and ether was added to the solution where- 
by a precipitate was obtained. It was filtered, washed with 
ether and dried under vacuum, 

(iii) Preparation of trichloro“bis{ triphenyl arsine) (carbondisul- 
phide) , [ RUCI3 (• AsPh3 ) 2 ( CS2) ] 

0,3 g of trichloro-tris (triphenyl arsine) iruthenium( III) 

[RUCI3 (AsPh^) 3 ] was taken in carbondisulphide (30 ml) and the 
solution was ref Ivixed under nitrogen atmosphere for half an 
hour. A brown crystalline precipitate was obtained. It was 
filtered and washed with carbondisulphide and dried under 
vacuum. ' 

( iv) Preparation of [RUCI3 ( AsPh3) L] phen) 

Trichloro-tris (triphenylarsine) ruthenium(XIl) [RuCl3( AsPh3)3](P’^^ 
was dissolved in benzene (20 ml) and the solution was refluxed 
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with 0,1 g of the ligand (£) under nitrogen atmosphere for half 
an hour. A brown coloured compound was obtained. It was fil~ 
te.red/ washed with benzene and ether and dried under vacuxam. 
These compounds were also obtained when the solution of the 
ligand and the complex in benzene was stirred at room tempera- 
ture for 4 hr. 

(v) Preparation of trichloro triphenylarsine-bis (dimethyl- 
sulphide) rutheniiom ( III) ,[ RuCl^ (AsPh^) (Me 2 S) 2 1 

A solution of trichloro-tris (triphenyl arsine) ruthenium. 
(Ill) [ RuCl^ ( AsPh^) 2 ^ ( 0,2 g) in benzene (20 ml) was treated 

with dimethyl sulphide (0,8 ml) and the mixture was stirred at 
room temperature under nitrogen atmosphere for one hour when 
the solution turned red. It was then concentrated on a water- 
bath whereby a red compound precipitated out. It was filtered 
out and recrystallized from dichloromethane-hexane mixture. 

(vi) Preparation of R^n[ R uX^ ( AsPh^ ) 2 3 (where R = Me, X^= Cl^, 
Cl'^BrV 01^1 and rr='E)^ 

A slurry of trichloro-tris (triphenyl arsine) ruthenium (ill) 

[ RuCl^ (AsPhj) (0»25 g) was prepared in acetone (30 ml) con- 
taining about 1 ml of water. 1.2 g of (when R = Me, X = Cl, 

Br or I and R= Et, X. = Cl) was added to the mixture and stirred 
for several hours whereby an orange-red or brown crystalline 
compoxmd separated out, Ihe compound was filtered out, washed 
successively with acetone, water, ethanol and ether and dried 
under vacuum. 



(vii) Preparation of Ph^AsERuCl^CAsPh^) 2 ]• 2 

0^15 g of trichloro-tris (triphenyl arsine) ruthenium(lll) 
[RuCI^ ( A sPh^ ) 2 ] was suspended in 35 ml of acetone containing 
1 ml of cone. HCl and to which 0,1 g of Ph^AsCl was added. The 
mixture was stirred for several hours. The initially brown 
coloured solution gave a precipitate of red crystalline com- 
pound. It was filtered out/ washed successively with acetone, 
water, methanol and ether and dried under vaeuxn. 

(viii) Preparation of [RuC 12( AsPh3) 2(RCN) ^ ] where R^CH^, 

CH^ai2CH2 Vn'd OT2'=CH 5 ‘ 

Trichloro-tris (triphenyl arsine) rutheniura(lll)[ RuCl^AsPh^) ^ 
(0,2 g) was reflvixed with the alkyl nitrile, RCN (10 ml) for 
3 hr when a yellow coloured solution was obtained. It was con- 
centrated on a water-bath to about 1 ml. On addition of ether 
to the cooled concentrated solution resulted in the precipita- 
tion of a yellow compound. It was filtered out, washed with 
ether and dried under vacuum. 

The reactions of [RuC 12( AsPh3) 2 ]2 orl RuCl^ ( AsPh3) 2*MeOH ] 
with the alkyl nitriles yielded [RuC 12{ AsPh3) 2(RCN) 3 3 (R^CH^, 
CH3CH2CH2, CH2=CH)., 

(ix) Reaction of Me^N[RuCl3X(AsPh3) 3 3 (X=C 1 , Br, l) with CH^CN 

Me^N[RuCl2X(AsPh3) 33 (0,2 g) was dissolved in acetonitrile 
(20 ml) and the solution was concentrated on a water-bath ■vhen 
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a green or brown compound separated. It was filtered out and 
washed with water/ ethanol and ether and dried under vacuum. 

The compounds obtained were of the type [ RuCl^xC AsPh^) 2 ^CH 2 CN) ] 
(X = Cl/ Br, I) . 

^_alyses 

The analyses for sulphur and halogens were carried out by 
the standard methods. * Carbon/ hydrogen and nitrogen analy- 
ses were performed by the Micro analytical Section of the Indian 
Institute of Technologi'^/ Kanpur/ India. The results are repor- 
ted in Table II, 1. 

Infr aired Spectra 

Spectra of the compounds were recorded with a Perkin-Elmer 
521 Infrared Diffraction Grating Spectrophotometer in the 4000- 
300 cm ^ range. Samples were prepared as KBr pellets or in 
Nujol mull. 

Cpnducjsiyity;. Me_asjarements 

Conductivity measurem^ts of the compounds were made on 
an Elico conductivity meter type CM-80 of millimolar solutions 
in nitroethane. 

Visible Sp^tr a. ^ 

The electronic spectra were recorded in Nujol mull or in 
solution using chloroform/ acetonitrile or nitroethane as sol- 
vents using a Cary Model -14 recording spectrophotometer. The 



T^le II. 1 

Analytical data# melting points and colours for ruthenium( III) and ruthenium( II) compounds 
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results are given in Table II. 2. 

Ma^qnetic , Susceptibility _ Measurements 

These measurements were made using a Gouy-balance at room- 
temperature ( 25 '^c) , Mercu]ry-tetrathiocyanatocobaltate( II) was 
used as a calibrant. 

Melting Points 

Melting points were recorded on a Pisher-Johns melting 
point apparatus. The results are recorded in Table 11,1. 

RESUbTS^^P ^DISCUSSION 

All the compounds were obtained by treating [ RuCl^ (AsPh^) 
(hereafter referred as k) with various ligand molecules. In 
some cases# the ligands themselves were used as solvents for 
the reaction while in other cases# the complex K and the ligand 
were dissolved in a suitable solvent under various conditions. 
The complex K# seems to have a distorted octahedral geometry. 
Since# triphenyl arsine is a big molecule, there is every possi- 
bility of a steric hindrance in the complex when three molecules 
of triphenyl arsine and three chlorine atoms are coordinated to 
ruthenium atom. Thereby# the complex may be unstable. Thus# 
on dissolving it in any solvent# there is a possibility of 
loosing one of the triphenyl arsine molecules to give penta- 
coordinated species# similar to the one obtained from 
[ RuCl^ ( AsPhj) will be discussed further in 
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Electronic spectral section of this chapter. 

The following five types of behaviours are exhibited by 
the complex towards the ligands (L). (i) Displacement of 

one molecule of triphenylarsine by the ligand to give hexacoor~ 

dinated ruthenium(lll) complexes/ [ RuCl^( As Ph^) 2^^ * Dis- 

placement of two of the triphenylarsine molecules by the ligand 
to give hexacoordinated ruthenium(lll) complexes, [ RuCJ^C As Ph^) 

(iii) Substitution of all the triphenylarsine molecules by the 
ligand with or without reduction of rutheniumClIl) to ruthe- 

1 "1 

nium(ll) to give complexes of the typeCRuCl^L^ j orC RuCl^L^ ] . ■ 

(iv) Reduction to rutheni’um(ll) without complete displacement 
of triphenylarsine molecules to give [RuCl^CAsPh^) 2^2^ ’ Dis- 
placement of all the halide ions by pseudohalide ions to give 

■17 

[ RuX^ ( AsPh^) 2^ (X = pseudohalogen) . The complex K, on treat- 
ment with tetraalkyl or aryl ammonium or arsonium salts in 
proper solvent gives the anionic ruthenium(lll) complexes, 

R^m[ruX. (AsPh^) ^] , 

4 4 o 2 

The reactions of R^m[RuC 12X( AsPh^) 2] or l) with 

acetonitrile are also very interesting. In these reactions, 
compounds of the type [RuCl2X{AsPh2) 2 (^3*^)] and not 

[ RuCl^CAsPh^) 2^^3 ‘^n) ] were obtained. [ RuCl^ (AsPh^) 2^ ^3^^ ] 

was obtained only >hen R^M[RuCl^( AsPh2) 2 ] treated with 
acetonitrile. In case of mixed halogen anionic ruthenium ( III) 
complexes, only the mixed halide complexes were obtained. 
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When K is dissolved either in a coordinating or a non- 
coordinating solvent first the colour of the solution was 
reddish brown which then changed to the colour of the resulting 
complex. Thus when K was dissolved in acetonitrile/ a reddish 
brown solution was first obtained which on warming further on 
a water-bath for sometime, changed to green from which green 
crystals of [RuCI^ (AsPh^) 2 ^ ] were obtained. Again the 
same redsish brown solution was obtained "when' K 'webs- dissolved 
in benzene. If a few drops of acetonitrile were added to this 
reddish brown solution in benzene and then warmed on a water- 
bath for sometime, a green solution which gave the green crys- 
tals [RuCI^ ( AsPh^) 2 was obtained. Similar b^aviour was 

observed in nearly all the reactions which gave compounds of the 
type [RuCI^ ( AsPhj) 2^] , One can, therefore, tentatively think 
that all the reactions of [ RuCl_ ( AsPh^) _ ] underwent bv the S„i 
mechanism according to the following scheme; 

,[ RuCl^CAsPh^) 2 3 + Solvent > [ruCI^ ( AsPh^) 2 3 "*■ 

Solvent 

(Reddish-brown -solution) 

- ■ 

* ; Ligand ( L) 

■■ 

CRuCl 3 (AsPh 3 ) 2 L] 

In the cases, where compounds of idle type[ RuCl^ { AsPh^) L2 ] are 
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obtained/ the first step could be the formation of penta-coor- 
dinated species, [ RuCl^ (AsPh^ ) 2 ] which reacts with the ligand 
to give the mono substituted product first and subsequently/ 
due to more affinity of rutheniumClIl) for the ligand L, or 
due to the chelate effect of the bidentate ligands, another 
molecule of triphenyl arsine is knocked off to give[RuCl2( 
or [RuCI^ ( AsPh^) L‘ ] (where L and L‘ are mono- and bidentat^ 
ligands respectively) . 

Different products obtained by the reactions of the com- • 
pi ex K with the ligands depend on the nature of the ligand and 
the various conditions used. Here, the results and discussions 
are presented \inder the ligand headings for the convenience of 
discussions. 

Nijtrogen Ligands 

(a) Alkyl and .aryl. ..cyanides 

. Syntheses of some alkyl and aryl cyanide complexes with 
ruthenium(ri) and ruth enium( 11 X 5 having tertiary -phosphines or 
arsines are reported in the literature.^' Complexes of 
the type [RUX3 ( AsPh3) 2 (RCN) ] (X= Cl or Br; R = Me, PhCH2, Ph or 

CH2CH) are reported to have been prepared using [RuCl3(AsPh2) g. - 

1 ■ 9 

MeOHj and the corresponding nitriles. 

The green compoionds [ RuCl^C AsPh^) 2{RCN) 1 (R = Me, Ph, CH2=CH, 
CH3CH2CH2), obtained as a result of the reaction of[RuCl3(AsPh2)2 ] 
with RCN are non-electrolyte in nitroethane and have magnetic 
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moments in the range 1.8 to 1.9 B.M. These properties indicate 
that they are non-ionic and spin-paired ruth eniim( III) complexes. 
The behaviours of few such compounds (R = Me, Ph) which are 

9 

reported earlier are in confoimnity with the ones prepared by 

us. The infrared spectra of these complexes in nujol mull 

-1 

showed a weak band in the range 2320-2280 cm which is assign- 
ed to the stretching mode of group coordinated to ruthenivm- 

(lll) through the nitrogen atom. Similar results have been 
reported in the case of other alkyl or aryl nitrile substituted 
triphenylphosphine and triphenyl arsine complexes of rutheniiam^Il) 
and ruthenium(lll) In the case of benzonitrile 
complex, characteristic and split bands due to the phenyl 
groups (present both in benzonitrile and triphenyl arsine) 
around 1580, 1480, 1435, 750 and 695 cm ^ firere preseit. The 
splitting of the bands may be due to the presence of two diffe- 
rent type of phenyl groups present in the complex. 

Under ordinary conditions, the nitriles could replace 
only one out of the three triphenyl arsine molecules present in, ■ 

K without the reduction of ruthenium(lll) . However, prolonged 
reaction of K with the nitriles gave the ruthenium complex, 

[ RuCl^tAsPh^) 2^ * Similar compounds were obtained vheni 

[ RuCl 2 (l?--sPh 3 ) 232 [RuCI^ ( AsPh 2 ) 2 'WeCK 3 treated under 
reflux with the nitriles for about 3 hr. The ruthenim(Il) 
dinitrile complexes, obtained from all the three compovuids, 

[ RuCl2(-^Ph2) 3 3/ [ RuCl^CAsPh^) 3 and [ RuCl2( AsPh^) 2 ] 2 
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are similar in all respects. The infrared spectra of these 
dinitrile complexes showed two infrared bands in the region 
2320-2150 cm The acetonitrile complex showed bands at 2320 
and 2260 cm ^ whereas the butyronitrile complex had absorp- 
tions at 2270 and 2250 cm These bands could very safely be 
assigned to for the cis-geometry of the nitrile complexes 

no 

in analogy with similar other cis- complexes, ' Thus, it 

appears that in these dinitrile complexes, the nitrile groups 

are in ci^? position. The infrared absorptions, in the case of 

the acrylonitrile complex showed lower values (2240 and 2210 

cm of the. band positions. Here as well, one can assign 

them for the cis-isomer, but the reason for such a low energy 

for in this nitrile is not known. All these ruthenixam(Il) 

complexes have a marked similarity in being yellow in colour 

whereas all the nitrile complexes of ruthenium(lll) are green. 

The _cis- acetonitrile complex, [ RuCl^C AsPh^) 2 (CH 2 SN) been 

reported earlier from [ RuCl^C AsPh^) ^2 observations of 

getting rutheniumC II) nitrile complexes from[ Ru( AsPh 2 ^ 2'^^3 ^ 

[RuCl_(AsPh.,) -,MeOH J are not in conformity with the results 

9 

obtained by L, Ruiz-Ramirez, et al. They could isolate similar 
compounds only with the triphenylphosphine analogue,[ RxxX^ ( PPh^) 2 * 
MeOH ] and RCN and not with [ruX^ ( AsPh 2 ) 3 RCN. All these 

ruthenium(Il) complexes are fotand to be dianagnetic. Isolation 
of a similar rutheniumC II) complex with benzonitrile was not 
possible. 
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(b> Pyridine# a -Picoline/ N# N‘ -bipyridyl and 1, 10-phenanthroline 

The compounds obtained from the reactions of K with these 
amines are of the type, [ RuCl^ ( ■^Ph^ ) ](i' = py or a-picoline) 

or [.RuCl^ (AsPh^ ) ^2 3 (L 2 = bipy or phen) . The monosubstituted 
product in the case of pyridine and a -picoline could not be 
obtained. Probably the monosubstituted product is formed first, 
but due to the strong tr.;^is- effect of pyridine or picoline an- 
other triphenyl arsine molecule is also substituted by the ligand. 
In the case of bidentate ligands bipy or phen owing to the 
chelate effect, substitution of two triphenyl arsine molecules 
by one ligand molecule takes place. The reaction of K with 
pyridine has been described in' detail earlier, i^art from 
getting [RuCI^ (AsPh^) 2 ^ [ Ru( AsPh ^) ^^^3 ] pyridine, 

compounds of the type [ RuCPy^^Cl^] & [RuCPyJ^Cl^] were also 
obtained when the reaction was carried out for longer period. 

f 

The infrared spectra of all these compounds showed absorptions,, 
both due to triphenyl arsine and the corresponding amines. The 
pyridine, N, N' -bipyridyl and 1, 10-phenanthroline complexes were 
reported earlier by the reactions of [ RuCl^ ( AsPh^ ) 2^e<2i ] 
the corresponding amines.^ 

Oxyqerj, Ligands 
(a) Ketones 

The reaction of K with acetone gives [RuCl^ t AsPh^) 3 

Here, one of the labile triphenyl arsine molecule of K is e^ily 
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substituted by the ketone. However, attempts to isolate a 

compound with ethyl emthyl ketone and acetophenone were 
unsuccessful. In the case of acetone the complex K was first 
dissolved completely in the boiling solvent from which on cool- 
ing the crystals of the complex separated out. In the case of 
ethyl methyl ketone and acetophenone, the complex did not sepa- 
rate out even on concentration and cooling. Attempts to preci- 
pitate the complex by the addition of ether resulted in a 
compound which could be the decomposed products containing 
mainly [RuCI^ ( AsPh^) 2 ^* ^ analyses were very close to 

the formula [RuCI^ ( AsPh^) 2 ] • infrared spectra conformed the 

observations. In the case of acetone complex, a strong band at 
1655 cm ^ was observed which was assigned to the coordinated 
V group ( free in acetone is observed at 17 25 cm”*^ ) . No 

band in the region 1800-1600 cm ^ was observed in the spectra of 
the product obtained in the case of acetophenone and ethyl methyl 
ketone. It could possibly be that ethyl methyl ketone and aceto- 
phenone form relatively weaker bonds and upon the. addition of' 
ether, the weakly coordinated ligand is set free and a pentacoor- 
dinate species [RuCI^ ( A sPh ^ ) 2 ] is obtained. This pentacoord^ha- 
ted species is characterised mainly by the electronic spectra 

(discussed in detail later). The acetone complex is similar in 

2 

properties to the one obtained by Stephenson, et al. 
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(b) iy._dehYdes 

The aldehydes behave similar to acetone. Green crystals 
of the complexes [RuCI^C AsEb^^ 2 ^ ^ (Ij= acetaldehyde or benzal- 
dehyde) were obtained when I< was treated with the corresponding 
aldehyde.- The aldehyde complexes sesn to be more stable compared 
to the keto complex. This type of complexes containing an alde- 
hyde and tri phenyl arsine as ligands are being reported for the 
first time. The infrared spectra of the complexes confirmed 
the presence of a carbonyl group. d.ue to coordinated carbo- 

nyl groups is observed at 1650 and 1620 cm ^ in the case of 
acetaldehyde and benzaldehyde complexes respectively. In the 
case of benzaldehyde complex the characteristic bands due to 
phenyl group (present both in benzaldehyde and triphenyl arsine) 
at 1600^ 1575/ 1480/ 1445, 1435 cm ^ were observed. Each of the 

bands at 740 and 470 am ^ were split into three bands 750, 740, 
-1 -1 

Sc 730 cm and 480, 470, & 455 cm respectively. These 
compounds showed paramagnetism due to one unpaired electron 
(>^^£=1.8 B.M. ) confirming ruthenium being present in +3 
oxidation state in the complexes:. 

( c ) H, N-pimethYl f p rmamide „ ( dmf ) : 

The compound obtained by the reaction of K and dmf is simi- 
lar to the one obtained from aldehydes viz. ,[ RuCl^ C^^sPh^) 2 ^^^ )] > 
The infrared spectrum of the complex shows a strong band at 
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1640 cm which is assigned to the coordin ated v ___ group ( v 

wv-/ 

in the spectrum of dmf appears at 1700 cm”^). This shows that 

the coordination is not through the nitrogen atom but through 

the oxygen atom of the carbonyl group. Another band is observed 

■at 1360 cm ^ corresponding to a 1410 cm ^ band present in the 

spectrum of dmf. This band is due to the C-N vibrational mode. 

The compound shows paramagnetism equivalent to one unpaired 

electron indicating the presence of ruthenium in +3 state in the 
compound. 

(d) Tetrahvdrofuran_^( thf ) 

On warming K with thf for about 5 min. on a water-bath, 

crystals of [ RuCl^ (AsPh^) were obtained. This compound 

is similar to the one obtained by treating [RuCI^ (A sPh^) 2 ] 

9 

with thf reported by Ruiz Ramirez, et al- 

(e) Dimethyl sulphpxide {dmsp) 

Treating K with dmso under the similar conditions as those 
in the case of thf, [ RuCl^CAsPh^) 2 (^ 20 )] was obtained. The coor- 
dination of the ligand to the metal ion is through the oxygen 
atom and not through the sulphur atom, since the infrared spectrum 
in nujol mull shows bands at 980, 945 and 930 cm . The band at 
930 cm ^ is strong and sharp and can be assigned to V bonded 

through 0-atom (dmso absorbs at IIOO-IO 55 cm ^) . Similar results 

9 

were reported by Ruiz-Ramirez, et al. where they obtained this 
compound from [ RuGl^ (AsPh^) 2 *^®®^^* 
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(f) _Nitrpalkanes and ^nitrobenzene 

When K was treated with nitromethane or nitroethane iinder 
the conditions similar to those in the case of thf, crystalline 
compound [ RuCl^ ( AsPh^) 2 ^ 3 (L= CH 2 NO 2 or C^H^NO^) separated out. 
The nitromethane compound has been reported to have been pre“ 
pared by Stephenson from [ RuCl^ ( AsPh^) 2 -I^eOH] The infrared 
spectra of the compomds show one band at 1550 cm which can 
be assigned to the symmetric stretching frequency of the nitro- 
group which was not observed by Stephenson. In,..t'he case of 
nitrobenzene/ the results were similar to those of acetophenone 
and ethyl methyl ketone (discussed earlier) . The compo'und obtain- 
ed analysed nearly for [ RuCl^ (AsPh^) 23* It seemed to contain 
small amount of the nitrobenzene complex alsO/ since infrared 
spectrum of the product showed a very weak band at 1520 cm”’^ 
which might be due to the symmetric stretching frequency of the 
nitro group. 

Sulphur Liqands_ 

Reaction of K with CS 2 and dimethyl sulphide gave compounds 
viz./ C RuCl^CAsPh^) 2(132)3 and [ RuCl^ (AsPh 2 ) (Me 2 S) 2 ] respec- 
tively. These are similar to the compounds obtained by Ruiz - 
Ramirez et al from C RuCl^ ( AsPh^) 2 *MeOH]. Ibe carbon disulphide 
complex shows a band at 1510 cm (CS 2 shows a band at 1500 cm ) 
which is indicative of linearly bound CS 2 group. The CS 2 group 
is not lost ordinarily at rocm temperature. But the ccampound on 
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grinding for a long period slowly starts losing CS^ (evidence 
from electronic spectrum in nujol mull to be discussed later) , 

The dimethyl sulphide complex is fairly stable (even on recrys— 
tallization/ the coordinated solvent is not liberated) . 

Reactions with tetra alkyl or^ aryl-ammpnium or arsonium salats 
When K was treated with tetra- alkyl ammonium salts of the 
type R^NX (where R = Me, X = Cl, Br, I andR=Et, X = Cl) in a 
solvent like acetone, complexes of the type R^n[RuX^( A sPh^) 2 J 
(where R = Me, ^4 ~ R=Et, X^ = Cl^) were 

obtained. The interesting aspect of these reactions is the 
formation of mixed halogeno anionic complexes. Complexes of the 
type R^n[RuX^ ( AsPhj) 2 ] (v^here R=Me; X= Cl or Br and R=Et,X = Cl) 
have been synthesized by Stephenson using [RuX^ ( AsPh^) 2*WeOH ] 
and the corresponding tetra- alkyl halides. The treatment of K 
with Ph^AsCl in acetone gave a complex Ph^As[RuCl^( AsPh^) 2 3 * “ 
2(Me2CO) which has also been reported by Stephenson"^ from 
[RuCI^ ( AsPh^) ]♦ molecules of acetone present in the 

lattices of the crystal show an infrared absorption at 1715 cm 
This band is assigned to q-q of the tin coordinated acetone mole- 
cules. A possible explanation for the formation of the complex 
with two acetone molecules in the lattice has been ftumished by 
Stephenson.”^ Infrared spectra of other tetra-alkyl anionic ruthe- 
nium (Hi) complexes did not show any special feature in the rmge 
4000-300 cm"^ . „ (X=Br or l) in the case pf mixed halogeno 
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complex is expected at a lower energy than 300 cm”^. Hence, no 
new absorptions were observed. All the complexes showed conduc- 
tivity in nitroethane corresponding to 1:1 electrolyte- The 
values of A ^ were of the order of 70 ohm cm mol . Only in 
the case of tetraphenylarsoniiim compound it was little low 
(45 ohm ^cm^mol ^) . 

Reactions of Me^wCRuCl^xC AsPh^) 2 ] (X=Br, l) with acetonitrile 

When the mixed halogeno anionic complexes, Me^N[RuCl 2 X(AsPh 2)2 J 
(X=3r, I) were dissolved in acetonitrile and concentrated on a 
water-bath, compounds of the tvpe [ RuCl_X( AsPh^) „ (CH_Ctj) ] (X-Br, 

I) were obtained. When X=C1 was taken, the product obtained 
was a green compound [ RuCl^ ( AsPh 2 ) 2 ^'^%'^^^^ ^ similar to the one 
obtained by the reaction of [ RuCl^ ( AsPh 2 ) 3 ] and acetonitrile. 

In case of X=Br and I, the compounds obtained had brovm and 
dark reddish brown colours respectively. These complexes are 
non-electrolytes in nitroethane. The method of obtaining mixed 
halogeno complexes can be extended to systems where a halide 

7 ' ' 

could be substituted by solvent like nitromethane (Stephei^son 

obtained [RuCI^ (A sPh^) 2 (CH 3 N 02 )] from R^M[RuG 1^( AsPh ^) 3 ] and 

nitromethane). The infrared spectra of the bromo- and iodo- 

-I -1 

complexes showed a weak band at 2305 cm and 2300 cm respec- 
tively assignable to the of the coordinated acetonitrile. 
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ELECTRONIC _SPECTRA 

These compounds in general gave two types of electronic 
spectra in the range lOCO-340 nm. In one^ the positions of the 
bands were around 6 20, 450, 400 and 350 nm whereas in the others, 
around 900, 520, 410 and 350 nm (Table II. 2) . Besides in a few 
cases bands around 900, 600, 500, 400 and 350 nm were also pre- 
sent. Since in a d^ system, and especially in ruthenium (III) 
which has relatively high oxidising properties, the charge trans- 
fer bands of the type bjjy ' ^ '^^2g prominent in the low 
energy region which obscure the weaGcer bands due to d-d transi- 
tion. It, therefore, becomes difficult to assi^ conclusively 
the bands of ruth eni\am( III) complexes which appear in the visible 
region. However, the extinction coefficient of the band around 
600 nm in all the complexes was found to be of the order of 500, 
while those of the other bands were much higher. On the basis 
of the extinction coefficient, the band at 620 nm is assigned to 
the lioand field transition (^T ■ ^T^ or )-*^^ It is 

equally possible that this band may be due to the components of' 
symmetry forbidden charge transfer transition as predicted by 
JjZ^rgensen ’ for [ irClg] . Other bands which appear, around 500, 

450 and 400 nm can be assigned to charge transfer bands of the 
type Ljj.y. - '^2g' suggested by the high value of the extinc- 

tion coefficient. 

In the foregoing paragraphs reference has been made of the 
possible formation of pentacoordinated species. It is assumed 
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Tabl e II* 2 

3t 

Electronic spectral data of the complexes 


SI. 

No. 

Compl ex 

max 

nm 

e 

Assignment 


, ~ 1 ' ' ’A 'W ' " ' ’ 1"T~ ' .1 

^ 3 - 



1 . 

RuCl^ ( AsPh 3 ) 2 ( CHjCN) 

860 

25 

- 



618 

140 

5* ^A 

^ 2 g ^ 2 g 



440 

1400 

Charge Transfer 



395 

3620 

n 



350sh 

- 

II 

2 . 

RUCI 3 ( AsPh^ ) 2 ( CH^ CH 2 CH 2 CN) 

830 

45 

- 



620 

160 

^T ^ ^A 

2 g 2 g 



450sh, 

1280 

Charge Transfer 



397 

2900 

» 



350sh 

- 

II 

3. 

RUCI 3 < AsPh 3 ) 2 ( CH 2 =C?JCN) 

900 

85 

- 



637 

140 

2 qi 2 ^ 

^ 2 g ^ 2 g 



400 

3260 

Charge Transfer 



350sh 

- 

U 

4. 

RUCI 3 ( AsPh 3 ) 2 ( CgHgCN) 

640 

580 

2 ip . 2 ^ 

2 g '^ 2 g 



390 

2900 

Charge Transfer 



35Gsh 

- 


5 . 

RUC I 3 ( As Ph 3 ) 3 

910 

480 

; w'. 



520 

1000 

■ 2 g 2 g 



400 

2060 

Charge Transfer 



350sh 

— 
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T^le ..I?.*-?- , Cc.qn td*J. 


"i _ 

* 2 ' ' * ■" 

’ 1 . 1 .‘ ! ” 

' ! 4l7" 


6 . 

RuCl^ (As?h 3 ) 2 

910 

450 

- 



520sh 

1230 

^ 2 g ^ -^ 2 g 



410 

2450 

Charge Transfer 



350sh 

— 

tr 

7. 

RuCl3(AsPh3)2(<3mf) 

900 

60 

- 



5l5sh 

440 

2 g •^ 2 g 



410 

1710 

Charge Transfer 



350sh 

3160 

ft 

8 . 

RuCl^ (AsPh 3 ) 2(<4nf)^ 

910 

43 

- 



410 

1450 

Charge Transfer 



360 

4620 

11 

9. 

RUCI 3 ( AsPh 3 ) 2 ( c3mso) 

860 

80 

- 



555 

315 

^ 2 g ^ 2 g 



410 

1300 

Charge Transfer 



350 

1950 

#1 

10 . 

RUCI 3 (AsPh 3 ) 2 (Me 2 CO) 

900 

770 

-- 



5 20sh 

750 




410 

1740 

Charge Transfer 



350sh 

- 

II 

11 . 

RUCI 3 ( AsPh 3 ) 2 ^ 

91G 

430 




520sh 

840 

Sg--> \g 



414 

1860 

Charge Transfer 



350sh 
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T^le ,11.2 (cpntd, ) 


"'l _ 


.. Vx,, 

4 1 


12. 

RUGI3 ( AsPh3 ) 2 ( Cg Hg CHO) 

900 

280 

- 



520sh 

845 

2m 2, 

^2q ^ ^2g 



413 

1820 

Charge Transfer 



■ 350sh 

- 

*1 

13. 

RUCI3 ( AsPh3 ) 2 ( Cg Hg CHO) ^ 

910 

8 

- 



535sh 

50 

2m St 2. 

% Hg 



412 

1150 

Charge Transfer 



■ 362 

3920 

It 

14. 

RUCI3 { AsPh3 ) 2 ( CH3 NO2 ) 

900 

260 

- 



600 

180 

2iji 2 jl 

■^2g ^ ^2g 



395 

2920 

Charge Transfer 



350sh 

- 

» 

15. 

• , RUCI3 ( AsPh3 ) 2 ( NO2) ^ 

900 

42 




53Psh 

80 

2^ ,S 

^2g ^2g- 



412 

1600 

Charge Transfer 



362 

4910 

tl 

16. 

RUCI3 ( AsPh3) C2H5NO2) 

900 

800 




SOOsh 

855 

\g 



400 

1245 

Charge Transfer 



350sh 

, 1650 

« 

17. 

RUCI3 ( AsPhj) 2 ( thf ) 

810 

210 

- : : 



510 

800 

^2g -^g 



405 

1800 

Charge Transfer 


■ ■ 

345sh 


■ w 
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Table _I I* 2 (jcontd, 


,1 , 

^ !' 1 ’ 1 'I .! . n 

, 37 3 . 

'. 34 ' ' ' 


18. 

RuCl 3 (AsPh 3 ) 2 ( 082 ) 

900 

405 

t- 



425 

1560 

Charge Transfer 



360sh 

- 

H 

19. 

RuCl3(AsPh3XPy)2 

_ 

- 

- 



450 

2000 

Charge Transfer 



393 

3780 . 

n 

20 . 

RUGI 3 ( AsPh^ ) <bipy) 

550 

1260 

2 g ‘^ 2 g 



445 sh 

2580 

Charge Transfer 



387 

5 200 

M 

21 . 

Me^NE RuCl^ ( AsPh 3 ) 2 3^ 

510sh 

300 




448 

810 

“ 



392 . 

4420 

Charge Transfer 



379 

4240 

H 



353 

3710 

11 

22 . 

Ph^As [R uCI^ ( A sPh 3 ) 2 ] (Me2C0) 

510sh 

3 25 

^2g ^ ^ 2 g 



447 

920 

- ■ , 



392 

4560 

Charge Transfer 



380 

■4350 

; ^ . 

... . 


354 

3710 

ff 


. w - IT . r _ w -' ..n ^ « ^ _ ^ w 

. . -v . 


. ■ ■-« tMt _r iri^ m 


a> in chloroform solution except where indicated, 

b, in dnf, 

c# in nitiroethane* 
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here that the first type of the spectra {620, 450, 400 and 
350 nm) was due to the presence of hexacoordinated species 
while the second type of the spectra arose due to the presence 
of pentacoordinated species or pentacoordinated species in equi- 
librium with the hexacoordinated species. The absence of the 
band around 6 20 nm in the spectra of the second type may be due 
to the shift in equilibriim mostly towards pentacoordinated 
species with the result, the concoitration of the hexacoordi- 
nated species is so small that no band appears in 600 nm region. 
This assumption is based on the following observations. 


The Nujol mull spectrum of [RuCI^ ( AsPh^) 2 ^^ which has been 
shown to have square pyramidal structure in the solid state and 
trigonal bipyramidal in solution^*^ showed a band at 920 nm 
whereas [ RuCl^ ( AsPh 2 ) ^ J having octahedral geometry showed no 
band under the same condition in this region. In chloroform 
solution, the spectra of the compounds [ RuCl^ ( AsPh^) 2 ] and 
[ RuCl^ ( AsPh^-) 2 ^ were identical and showed bands at 910, 5 20(sh), 
410 and 350 nm (sh). The values of extinction coefficients for 
these bands were also quite comparable in both the cases (Fig. 
II. 1 ) . This indicates that the. presence of a band in the 900 nm 
region is possibly suggestive of the presence of pentacoordina- 
ted species. One could, therefore, assume that [ RuCl 2 (AsPh 2)2 3 
which has an octahedral geometry in the solid state^^ disso- 
ciates to pentacoordinated species [ RuCl 2 (AsPh 2 ) 2 3 solution. 


C£W I HrtL i 

'IV \ 

Aioc. No. jnit 




iBRARY 


5115 $ 
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Similarly the spectrum of CS^ complex, [RuCl^CAsPh^) 2 (^ 22 )] 
taken in Nujol mull showed a band at 920 nm whereas the spectra ■ 
of dmf and benzaldehyde complexes [ RuCl^ ( AsPh^) 2('3mf) ] and 
[RuC 12( AsPh^) jCCgH^CHO) j in Nujol mull did not show any band in 
this region. This could be explained by the fact that the bond 
between CS 2 and ruthenium might be very weak as CS 2 is not a 
good donor ligand and in the solid state the complex is disso- 
ciated. With the result, the presence of pentacoordinated 
species might be responsible for the band around 900 nm. How- 
ever, the complexes of dmf and benzaldehyde are not dissociated 
at all in the solid state. This is also in conformity with 
their spectra in chloroform solution where the benzaldehyde and 
dmf complexes showed bands in the 900 nm region. Further in the 
spectrum of the CS 2 complex, the 900 nm band is more intense as 
compared to the ones in the dmf and benzaldehyde complexes. 

The presence of equilibrium that exist between the penta- 
and hexa- coordinated species was further confirmed by the study 
of the spectra of complexes under different conditions. Thus, 

.in the spectrum, of dmso complex when takori in chloroform solu- 
tion after refluxing for one hour, the intensity of the band at 
860 nm is enhanced by two fold relative to that in the spectrum 
of the solution without refluxing. 

Another evidence from which the presence of pentacoordi- 
nated species could be surmised was obtained frcm the electronic 
spectra of some of the complexes taken in a non-coordinating 
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solvent like chloroform and in a coordinating solvent like dmf. 
Thus, the intensity of 910 nm band for the dmf complex in dmf 
was lower (43) relative to the one when the spectrum was taken 
in chloroform (60) . It was further lowered to 25 after keeping 
the solution for about 2 hr and finally the band disappeared 
when the spectrum was taken after 24 hr. In the case of the 

spectrum of benzaldehyde complex in chloroform, the intensity of 

boJicL 

900 nm was relatively large whereas in dmf solution the 910 nm 
band was scarcely visible and it was completely disappeared when 
the spectrum was recorded after 24 hr for the same solution. 
Similar observations were also obtained with the nitromethane 
complex in dmf (Table II. 2). 

Thus, firom the above experimental results it appears that 
the spectra of the first type are probably due to hexacoordina- 
ted species of the complex present in solution while those of 
the second type due to the presence of the pentacoordinated 
species formed as a result of partial dissociation of hexacoor- 
dinated species. Since on. lowering the symmetry of the field 
from Oj^ to (square pyramidal) or (trigonal bipyramidal) 

the T terras will be split into one non- degenerate (B or A) and 
other doubly degenerate (e) terms, one could expect a band due to 
d-d transition on the low energy side. It is also prob^le that 
due to lower value of the extinction coefficient of the 900 nm 
band, this band may arise due to one of the spin forbidden tran- 
sitions under or synmetry. The pentacoordinated species 



54 


may have either square pyramidal or trigonal bipyramidal struc- 
ture, However^ the square pyramidal geometry is preferred over 
trigonal bipyramidal because in all the reactions studied it 
appears that one ligand molecule simply replaces one triphenyl- 
arsine molecule from C RuCl^ ( AsPh^) ^ J sii^d if S^i mechanism is 
assumed/ square pyramidal geometry will provide minimum rearrange- 
ment of the other coordinated ligand molecules. 

From the above discussion it is assumed that an equili-' 
brixjm of the type shown below between hexa- and penta-coordina- 
ted species is established in solution; 

[ RuCl^CAsPh^) 2^ ] > [ RuCl^ (AsPh3) 2 ] + L 

In all the cases, the extent of dissociation depends on the 
solvent used. 

ThuS/ on the basis of the above equilibrium, the intensity 
of the band arouiid 900 nm may qualitatively give some idea of 
the amount of dissociation of the octahedral species into penta- 
coordinated species in solution. The presence of bands charac- 
teristic of both penta- and hexa-coordinated species could be 
explained as follows. Assume that the equilibrium between the two 
species is not shifted preferentially to either one direction. 

With the result, the concentration of both the species present 

I - ■ 

in solution veu$ high enough so as to give bands characteristic 


of both. 
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A few examples of complexes having this type of spectra 
are given below: 

Bands both around 900 nm and 620 nm were observed in the 
spectra of alkyl nitrile complexes of ruthenium ( III) in chloro- 
form solution. The relative intensities of the bands were low(^’J?'^^'^ 
Table II. 2). In the spectrum of benzonitrile complex taken in 
chloroform solution, band at 900 nm was absent. It indicates 
that the bonding by benzonitrile is stronger as compared to 
acrylo, aceto or butyronitrile in whose spectra, both bands 
around 900 and 600 nm were present. So in the benzonitrile 
complex the dissociation to the corresponding pentacoordinated 
species was negligible and the intensity for the band at 640 nm 
was high as compared to the other nitrile complexes (e= 25-85) 

The electronic spectra of most other complexes, viz., 

[RuCI^ ( AsPh^) B ] (L=dmf, dmso, M€2C0/ CH^CHO, CgH^CHO, C 2 H 2 NO 2 , 
thf and 0 : 82 ) were very much similar in chloroform solution. All 
of them showed two bands around 900 and 410 nm and two shoulders 
or bands around 520 and 350 nm. No band appeared at 620 nm. The 
absence of 6 20 nm band shows that the concentration of oct^edral 
species in solution is negligible. The values of the extinction 
coefficients of 900 nm band in all these complexes are in the 
range of 210 to 800 except for dmf and dmso complexes ( e = 60-80) . 

The high intensity of 900 nm band in all these complexes show 
that the dissociation to the pentacoordinate species is very 


high. 
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In the spectra of the ruthenium(lll) complexes which re- 
tained their octahedral geometry in solution, there are a few 
interesting observations. The a , a' -bipyridyl complex 
[ RuCl^ (AsPh^) (bipy) ] showed two bands and a shoulder at 550, 
445(sh) and 387 nm in chloroform solution. The positions of 
all these bands were shifted slightly towards lower wavelength 

compared to the other octahedral ruthenium(lll) complexes. 

lO 

Manoharan et al. observed bands at 408 and 347 nm for 
[ RuCl 2 {AsPh 2 ) ] and Et^N[RuCl^(A.sPh 2 ) 2 ! methanol solu- 

tion in the visible region. However, our study indicates that 
besides these bands one more band is present at 6 20 nm for 
[ RuCl^ ( AsPh^) 2 ] complex in methanol. It seanns that the 
band at 408 nm is shifted to lower wavelength 20 nm) in case 
of the bipyridyl complex and the band at 347 nm is shifted 
towards uv region. The band at 620 nm too has shifted to lower- 
wavelengths and split up into two at 550 and 445 nm ( sh) . This 
may be due to the lowering of symmetry in the case of [R uCI^C A sPh^) 
(bipy) ] as compared to that of [ RuCl 2 (AsPh 2 ) 

Due to the low solubility of tetramethyl anmoniTom and tetra- 
phenylarsonium salts of [ RuCl ( AsPh^) 2 3 chloroform their 

spectra were taken in nitroethane and acetonitrile. The salts, 
R.NfRuCl^CAsEh^) 2 3 Et) in acetonitrile, gave spectra 

similar to that of [ RuCl^CAsPh^) 2 ^ solution. 

Bands at 620, 445 (sh), 395 and 350 nm'Csh) were observed which'' 
agree quite well with octahedral ruthenium(lll) . The band at 
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860 nm for [ RuCl^C AsPh^) 2^ chloroform, was, however, 

not present as no pentacoordinate species was expected to be 
present in acetonitrile solution. The salts dissolve in aceto- 
nitrile with a change in colour from orange to green and the 
appearance of the spectrum of [RuCI^ ( AsPh^) 2^ J 

electronic spectra of the tetramethyl ammonium and tetraphenyl- 
arsonium salts of [ RuCl^(AsPh2) 2 ^ anion in nitroethane were 
almost s up erimpo sable. The extinction coefficients, band posi- 
tions and the nature of the bands were very much alike. (Pig. 11 , 3 ) 
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CHAPTER III 


RUTPIENIUM(III) AND RUTHENIUM ( II) 
COMPLEXES CONTAINING TRIPHENYL - 
PHOSPHINE OR TRIPHENYLARSINE AND 
OTHER LIGANDS 

Only a few ruth^i\2nClIl) complexes with tertiary mono- 

arsines as one of the ligands have been reported in the litera- 
1—4 

ture. The study of the reactions of ruthenivim(IIl) and 

ruthenium (ll) complexes of phosphines and arsines with ^ -d±- 

5 

ketones appears to be a neglected one. Therefore# it is 
interesting to study the reactions of P -diketones with rutlie- 
nium(ll) phosphine and arsine complexes. 

In this chapter the reactions of [ RuCl^ ( AsPh^ ) 3 3 with 
ammonia# hydrazines# amine, thiocyanate and carboxylic acids 
are reported. The reactions of p -diketones (acetyl ace tone# 
dlbenzoy lmethane and benzoyl acetone) with [ RuCl gCS’Ph^) 23 ^ 

[ RuGl2(AsPh3) 2] 2 hafve also been studied and the results# 
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discussed. Besides/ a new ruthenixunClIl) complex, tribromo- 
tris( triphenylarsine) ruthenium (ill) , [RuBr 2 ( AsPh^) ^ ^ has also 
been synthesized. The structures of these’ complexes have been 
proposed on .the basis of analytical/ spectral (ir and visible), 
magnetic, conductivity, molecular weight and other data. 


EffESipiENTAL 

All the chemicals used were of chemically pure or Analar 

grade, 

Trichloro-tris( triphenylarsine) ruthenium ( III) , dichloro- 

bis ( triphenylphosphine) 3rutheniimn( II) and dichloro-bis( triphenyl- 

6 “"S 

arsine) ruthenium (ll) were prepared by the literature methods. 
PREPARA Tipi'B 

(a) Ruthenium (III) jCgrriplexes 

(i) Di-p.-thiocyanato-bis[ dithiocyanato-bis (triphenylarsine) - 

ruthenium(lll)] /[R u(sCN )2 (AsPh^) 2^2 

A solution of 0,4 g of [RuCI^ ( AsPh^) 10 ml of benzene 

was added to a solution of 0,8 g of ammonium or potassitjm thiocya- 
nate in 5 ml of ethanol. The mixture was heated on a water-bath 
for 5 minutes whereby a dark blue solution was obtained. After 
evaporating the solvent, the residue was washed with water to 
remove the excess thiocyanate and ammonium or potassium chloride 
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formed during the reaction. It was then extracted with dichlo- 
romethane. The extract was concentrated to about 5 ml and ether 
was added to this whereby a bluish-green compound separated out 
which was filtered, washed with ether and dried under vacuum. 

(ii) Di-ii.-chloro-bis [carboxyl ato chloro-bis( triphenyl arsine) - 

ruthenium(lll) ] , [ RuCl 2 ( AsPh^) 2 

0,5 ml of the carboxylic acid (acetic or propionic acid) 
was added to a saturated solution of 0.2 g of [ RuCl^ ( AsPh^) ^ 3 
in 5 ml of benzene. The mixed solution was heated on a water- 
bath for about 10 minutes. On cooling, green crystals of the 
complex separated out which were filtered, washed with ether and 
dried under vacuiam. 

( iii) Tribromo— tris ( triphenylarsine) ruthenium ( III) ^RuBr^ (AsPh^) ^ 3 

A solution of 0,2 g of RUCI 2 . 3 H 2 O in methanol (25 ml) was 
mixed with., an aqueous solution of hydrobromic acid ( 25 ml, 40%) , 
Lithium bromide ( 0,6 g) was then added to the resulting solution. 
After heating the mixture under reflux for about an hour, a solu- 
tion of 1,2 g of triphenylarsine in methanol (20 ml) was added. 
The mixture was again heated under reflux for another half an 
hour whereby brown oily mass separated which was separated by 
decantation, allowed to solidify and groxand with mortar and 
pestle. It was washed several times with methanol and dried 


under vacuum 
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(b) Rutheni\am( II) Complexes 

(i) Di-|J.-chloro-bis£ acetylacetonato bis(triphenylphosphine) - 
nithenium(Il)] , [ RuCl(acac) (PPh^) 2^2 

A solution of 0.2 g of acetylacetone in 5 ml of ethanol 
was added to a suspension of [ RuCl2(PPh2) 2] ( 0.4 g) in benzene 
(20 ml). The mixture was heated under reflux for about 3 hr 
whereby a greenish solution was obtained. On concentrating it 
to 5 ml, green crystalline complex separated out which was fil- 
tered, washed successively with ethanol and ether and dried under 
vacuum. It was recrystallised from dichloromethane-methanol . 

( ii) Di-ii-chloro-bis [dibenzoylmethanato bis ( triphenylphosphine) - 

ruthenixmCll) ], [ RuCl( dbm) (PPh^) 2] 2 

This complex was prepared by a similar procedure as in 
b(i) taking [ RuCl2(PPh2) 2] n dibenzoylmethane. The green 
complex obtained was recrystallized from dichloromethane-methanol 

(iii) Di-M’-chloro-bis[ benzoylacetonato bis(triphenylphosphine)- 
ruthenivimC Il)J , [ RuCl(ba) (PPh^) 2 J2 

This complex was prepared using the same procedure as in 
b(i) taking [ RuCl 2 (PPh 2 ) 2^ n benzoyl acetone* The complex 

recrystallised from dichloromethane-methanol. 


was 
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(iv) Di“P.-chloro-bis [acetyl acetonatx 3 bls(triphenylarsine) *- 

rutheniijm(ll)] , [ RuCl( acac) ( AsPh2) 2] 2 

The procedure similar to the one given in b(i) was used to 
.prepare the complex tahing [ RuCl2( AsPh^) 2] 2 acetyl acetone* 

The complex obtained was recrystallized from dichloromethane- 
methanol. 

(v) Di-M.-chloro-bis[dibenzoylmethanato bis (triphenyl arsine) - 

ruthenium(ll) ], [ RuCl(dbtn) ( AsPh^) 2^ 2 

This complex was prepared in a similar way as described in 
b(i) using[ RuCl^ ( AsPh^) 2 ^2 dibenzoylraethane and recrysta- 

llized from dichloromethane and methanol. 

(vi) Di-ii.-chloro-bis[benzoylacetonato bis( triph enyl arsine) - 
ruthenium (II)] , [ RuCl(ba) (AsPh^) 2^2 

This complex was also prepared by the similar procedure as 
in b(i) using[ RuCl 2 ( AsPh^) 2^ 2 benzoyl acetone and recrysta— 
llized from dichloromethane and methaiol. 

(vii) [RuCl2(AsPh3) 2L2 ] (L= NI^, CH3NH2, NH2NH2 or CgH3NHNH2) 

These complexes were prepared by the following procedure? 

RUCI3 ( AsPh 

ded in 10 ml of ethanol. The amine or hydrazine {1 ml) was added 
to it. The solution was then stirred for about 5 hr whereby rose 
coloured crystals appeared* 



0,2 g of the ruthenium (III) complex,! 
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The procedure to prepare the amnnonia complex was as 
follows: Ethanol (10 ml) was first saturated with ammonia gas 

3^^ the ruthenium complex [ RuCl^ (AsPh^) (0.2 g) was suspended 
in it. On stirring the contents for a few hours/ a compound was 
separated which was filtered, washed with ether and dried under 
vacuum. Since these complexes showed signs of decomposition 
when they were dissolved in any solvent, they could not, there- 
fore, be recrystallized. 

The analysis for chloride in the complexes was carried out 

9 

by the standard method. Carbon, hydrogen and nitrogen analyses, 
melting points, infrared spectra, electronic spectra, magnetic 
susceptibility and conductivity measurements were obtained 
according to the methods given in Chapter II. The molecular 
weights of the compounds were measured cryoscopically using 
highly purified bromoform as solvent. All the results are given 
in Table III.l and Table III. 2. 

RESULTS AND DISCUSSION 
Maanetic ^SuscejitibilitY 

The values of the magnetic moment of all the complexes 
of rutheni\m(lll) reported in this chapter lie around 1 .9 B.M. 
(Table III.l) which correspond to paramagnetism equivalonit to 
one unpaired electron in a strong ligand field. All the complexes 



Table „ 1 0.1 

Analytical data, colour, melting point and magnetic moment of the compl 


69 


; • 'P « ; 

^ cn I a ^ tcsi 

; o CD . f 

X B em } I 


CD 


a\ 


c\ 

1-r 


CM 

o\ 


P P 


P 


P P 


P 


I 


to 

0) 

X 

0) 


u 

? J 

U ' T-il 

O tn: 


: O' 


O' 

PI 


< w . 

r -H 

! to ; 

f 


i 

; (d; 

;'3l 

iii' 

' fd" 

: o ' 




CM 

VD 

« 

OD 

o 


\o 


VD 

VO 

VO 

CM 

rH 

a\ 

tH 

rH 

CM 


• 

00 


O 

CD 

00 

o 

{> 

• 

o\ 

« 

• 

* 

* 

« 

♦ 

• 

O) 

r-i 


ro 





CD 


"S, 




■V 




r-I 

u 

rH 

t — } 

I — { 

rH 

rH 

rH 

rH 

a 

p 

O 

O 

O 

o 

U 

o 

O 


^ P 

; 

» tH 

• 

1 

1 

1 

1 

I 

I 

1 

[ 

2 

00 

-• 


b » 









00 


; * 

CM 

CM 

CO 

CO 

o\ 

O 

O 

VD 

CTv 

tH 

CM 

Pi 

, Chi 

VD 

O 

• 

tH 

« 

in 

• 

a\ 

VD 

• 

CM 

* 

CJv 

• 

VD 

OD 

« 

00 

« 


; , 

ro 



00 

00 



H* 



H* 


i 

tH 

VO 

CM 

o\ 

CD 

O 

1 — f 

tH 

00 

r- 

00 


CO- 

00 

* 

C\ 

* 

CM 

» 

O 

♦ 

CTv 

• 

• 

o 

• 

tH 

• 

UO 

« 

o\ 

♦ 


t 

CM 

00 


iH 

VD 

CM 

X — 1 

CM 

l> 

in 

CM 

“ - -S 

i 

LO 

LO 

LO 

LO 

UO 

VD 

VO 

VD 

VD 

VD 

in 

Pi' 





VD 








PQ ■ 



iH 

O 

o 


LO 

oo 

T { 

OO 

CM 

i> ■ 


( 


H* 

• 

CM 

• 

* 

CM 

• 

VD 

CO 

♦ 

VD 

• 

CM 

# 

VD 

• 

Oi 



CO 

CO 

rH 


00 

ro 


00 


CD 

rH ; 

t 


rH 

* — f 

u 

iH 

V 

H 

rH 

H 

»H 

rH 


o 

1 



o 

o 

p 

CJ 

O 

Q 

O 

O 

o 

o 

5 

p j 

< 

vo; 

.74 

1 

1 

I 

I 

I 

I 

1 

f 

1 

.42 

i 












00 

' 

* 

00 

CM 

00 

I> 

CM 

CM 

CTv 

rH 



O 

P; 

LOj 

00 

# 

C7V 

» 

o 

• 

in 

• 

* 

CM 

• 

iH 

• 

CO 

• 

in 

• 

VD 

• 

• 

i 

- 

00 

ro 


00 








1 

J 


CM 

CM 


m 

tH 

CO 



00 

00 

o 

1 

I> 

• 

tH 

\D 

* 

• 

X^i 

« 

O 

VD 

* 

• 

cr\ 

» 

1> 

» 

CO 


1 

CM 



tH 

f 

l> 

00 

O 

CM 

i> 

UO 

CM 


: 

LO 

uo 

LO 

LI J 

uo 

VD 

VD 

VD 

VD 

VD 

UO 


P U i ' 

uo 


o\ 

tH 

*0 1 cnl 

00 


VD 

VD 

P i « 

tH 


rH 

rH 

f ( 

u ; ■ 

2 ; : 


a 

P 


0 CM 

1 

(D 

CD 


* — { 


0 

0 

r 

P : 1 

rH CO 

Pi 

Pt 


u ; 

P 'H 

tJi 

O 



tn 

r 

tH 


a 

p 


if) 

VO 

CM 


c 

0) 

0) 


in 

CD 

CM 


a\ 

CM 


LO 

rH 

CM 


00 

CM 


VD 
1 — f 
CM 


CM 

VO 

# 

CO 

O 


O 

00 


cr\ 

r- 


ON 

CM 


uo 


cr\ 

00 

CO 

O 


t — I 
00 


00 


00 

r- 

» 


VO 

CJ\ 


ro 

LO 


r- ro 

^ O 

CM 


0) 

to 


X 

0) 

i" 

5 


CM 


00 


p 


o 

O 

U 

Up 

O 




o 

o 

Q 

CM 

P 

o 

u 




£ 


CM 

CM 


CM 

00 


CM 


P 

00 


00 

P 


00 

oc 


CM 

CM 

00 

to 

"v 


✓-S. 

< 

00 

00 

00 



o 


p 

to 


p 

p 


P-1 

p 


CM 

00 

P 

P 

P 


CM 

V 

CO 

J? 

"p 

p 


CM 


P^ 

B 

CM 

■■ 


CM 

CM 

P 

P... 

Up 

o 

■N— ^ ■ ■ 

CM 

00 





■ 5 ' 

ro 

0 

0 

5 

(V 



0 

E 


r-“» ■: 

0 

0 

4 , 




< 

^3. 

O 

p 

m 

o 

P 


< 

< 



P 




(0 


rQ 

m 

'd 

p 




' 

o 

CM 

CM 

00 

■ — ^ 


V--* 

Nw.^ 



CM 

CM 

V 

H ' ■' - ■ 

to 

iH', 

rH 

Pi- 

rH 

■ rH 

iH 

rH 

fH 


p''"' 

rH 

> . 



o 

O 

p 

u 

o 

u 

u 

o 

".O- 

u 

Q 

1 

i 'i 


p 

P 

p 

PS 

p 

0 

0 

0 

' d' ' 

"' " 0""'' 


f 

: 1 

p 

p 

P 

p 

p 

p 

P 

p:';.. 

p 

■^■p' 

p 

S 



Table I II.1 ,. ( cent d 


*cn; 

P 

P 

1 






i 



{ i 

\D 

T— f 





r—i 

fO 




!rH? 

* 

« 




't — ( V 

CO 

1> 

i 









■ 1 

rH 





* ^ 

O 

O 

f 



" s 


o 

i 




a\ 

CM 

• 



tH' 

♦ 

« 

V 



! 

t 

1, 1 

m 

in 




' 1 

in 

O 

; 




in 

CO 




las; 

• 

• 







f 

1 




CD 

00 





ro 

VD 




.00' 


• 





1-} 

r- 





in 

in 

1 




VO 


t 



E 

00 

O 





♦ 

* 





00 

i> 




\ 







iH 

•H 




1 \ 

o 

o 




1 i 


o 

' 



. i 

\D 

VO 

1 



.u>’ 

» 

* 

! 



; ‘ 

VD 

in 

1 



E < 

CO 

O 





■ 

VD 

1 



! ldE 

♦ 

• 








•v 





' 

0 





i 

40 



in 

r-l 

1 

0 


j t 

o\ 

VO 


s 



• 

m 

j 

ru 



O 

t> 


x: 


f ; 

in 

in 


4-> 






0 


* , 




s 

• 

' f 




rH 

0 


' Os 

00 


>i 

-H 

lcn\ 

in 

CO 


0 

-P 


1 — 1 

rH 


IM 

0 

1 1 




a 

d 

i 




0 






rQ 

0 





-H 

£ 

' i 

<D 




f3 

*CN}J 

CQ 

r 



*H 


O 





1 

cr; 


i 

1 



CM 



P 

^ ' 



1' 





CM 

i 




CM 

E 





■r^ 

p; 

- 

0 

• n 


CM 

S 

j 

-p 

0 

'•] r 

tl^ 



m 

4-> 

, > 


m 


d 

0 

y ! 

CM 

E 


o 

d 

" ' ^ 

X 

VO 


-P 

o 

5 * 

■■X. 

o 


0 

43 

' ? 


•W' 


o 

0 

/ ■ ■ 1^'' ' 

CM 

CM 


0 

O 

V, ' '■' ' ' 

.(T-V 



i-H 

0 


00 

00 



fH 


,C 

- 

43 


t A 

p 

P^- 


0 

O 

c ~ . ' 

CO 

CQ 


O 

IM 

'< 'W 




0 

d 

* '. 





0 

i ► 

CM 

CM 

< 



; t 

iH 

rH 


O 



U 

O 

* 

0 



0 

OJ 


0 

0 

i i 

M 

E 

i 

0 




71 

of ruthenium(ll) are diamagnetic as are other octahedral comp- 
lexes of ruthenium (ll) . 


Electronic Spectra 

The ground state of ruthenium (II) in an octahedral field 

which conform with the results of 


6 1 
(t 2 g configuration) is 


la 


the magnetic moment value. The excited states corresponding to 

5 1 3 3 1 1 

'^2a ®g ig’-t^ation are '^2g' "^Ig '^2g increasing 

order of energy. Thus, one should expect four transitions, 

1, 3rr, 1. ^ 3m . 1^ Irp and'^J^ ■ 

' -^g ^ la ^Ig ^ ^2g* 


^T ; 

ig 


'*\g - ‘Ig' "Ig - ^2g 

g 

The low spin d syston is less complicated so far as charge 
transfer excited states are concerned because no states from 
L — ^ M transition are possible at low energies. In the 
electronic spectra of rutheniumC II) complexes, three bands in 
some cases and four or five bands in other cases appear in the 
visible region. The positions of these bands and the respective 
assignments are given in Table III. 2, From the band positions, 
the values of lODg, B, p and C have been calculated. Values 
are within the range of those foiand for other octahedral ruthe- . 
nium(ll) complexes which justify the assignments. The values of 
the molar extinction coefficients for the bands in the range of 
400-500 nm were found to be more than those of the usual d-d 
transition. This may be due to the mixing of the energy levels 
with those corresponding to the neighbouring intense charge trans- 
fer bands around 390 nm. Tentatively one may justify this 
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statement by the fact that as the energy difference between 
390 nm band and the other bands increases, the values of the 
extinction coefficient decrease because of the decrease in the 
mixing of the ener^ levels. 

The ground state of ruthenium ( III) configuration) is 

”^2g first excited doublet levels in order of increasing 

energy are arise from t^^ e^ configuration.^^ 

In most of the ruthenium(lll) complexes the uv and visible 

10 

spectra show only charge transfer bands. Thus the band or 
bands in the 400 nm region are assigned to charge transfer tran- 
sition. However, the extinction coefficients of the band in 
600 nm region in all the ruthenit3m(lll) complexes are rather low 


as compared to those which one should expect for the charge trans- 

2 2 

fer bands. It is, therefore, assigned to T^^ “ ^ '^2g 

tion corresponding to the energy change of lODq- 3B-C, The 


position of the bands in this region is also in conformity with 

1 3 

that of the bands in other octahedral ruthenium ( III) complexes. 


In the complexes containing carboxyl ate anion as a ligand, 
a weak band is found in the spectra around 900 nm region. This 
may be due to the pent acoordin ate species formed in solution as 
a result of dissociation of the complex. In order to justify 
this, the spectra of the complexes were repeated in solution 
containing varying amounts of carboxylate anion concentration. 
It was found that as the concoitration of the carboxylate anion 
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increased, the intensity of 900 nm band decreased and finally 
in a solution containing 0,35 mole of carboxylate anion the band 
completely disappeared (Fig. III,l). When the spectra were 
repeated in tJujol mull no band in the 900 nm region was detec- 
ted in any of the car]x)xylate complexes. These observations 
led us to conclude that as the carboxylate complexes were disso- 
lved in the solvent, there was an equilibrium between penta- and 
hexa- coordinated species with the dissociation of RCOO” group. 

r 2 + _ 

[ RuCl 2 (AsPh 3 ) 2(RC00) ]2 :> [ RuCl 2 ( AsPh^) 2 ] 3 + 2 RCOO 

These conclusions are in conformity with the earlier observa- 
tions in other ruthenium (III) complexes discussed in Oiapter II 
of the thesis, ' 

In the spectrum of[ RuBr^ ( AsPh ^ ) 3 j in chloroform solution 
there appeared three bands at 940, 520 and 430 nm. The presence 
of the band at 940 nm suggested the presence of pentacoordinated 
species in solution. In order to confirm this, the following 
experiments were performed, . ■ 

(i) The spectrum of the complex was t^en in Nujol mull 
which showed three bands at 940, 520 and 430 nm. This suggested 
the presence of pentacoordinated species in the solid state as 
well, 

(ii) A number of solutions of the complex were prepared in 
chloroform to which varying cmiounts of triphenyl arsine were added 
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and the spectra of these solutions were taken. In eveiry case 
the same three bands at 940, 520 and 430 nm appeared indicating 
the presence of five coordinated species in solution. 

(iii) A number of solutions of the complex were prepared 
in chloroform to which varying amounts of lithium bromide solu- 
tion in methanol was added. In every case the band at 940 nm 
disappeared and a new band at 625 nm appeared besides the bands 
at 520 and 430 nm (Fig. III.l). , 

All these observations could be explained if one assumes 
the following equilibrium: 

[ RuBr2(AsPh3)3]Br 


[ RuBr3(AsPh3)3] 



(AsPh 3 ) 3 ] 3r is thus assumed to be the predominant species 
present in the solid state. 


[ RuBr2 


The conductivity of the compound [ RuBr 3 ( AsPh 3 ) 3 ] in nitro— 
benzene was found to be - 8 ohm cm mol (expected value in 

(AsPh3 

cm mol ). The relatively lovjer value may be due to the partial 
dissociation of the complex, thereby lowering the effective 


^ 3 ^ 


Br 


-1 

is 20-30 ohm 


nitrobenzene for the species [RuBr 2 



78 


concentration of the ionic species in solution. Another inti 
resting aspect regarding the compound is that its behaviour ; 
not similar to [ RuCl 2 (AsPh 2 ) 2 l in many reactions which alsc 
indicated the presence of different type of species in solutio 

Infrared Spectra 
( i) Thiocv_^_ate. ,complex 

The ir spectrum of the thiocyanate complex showed bands 
at 2140, 2080 and 790 cm besides the characteristic bands of 

triphenyl arsine. The presence of two bands in 2100 cm ^ region 
sugaested that SON groups are linked in the complex, possibly, 
in two different v/ays. The band at 2080 cm may be assigned to 

of the N-bonded terminal thiocyanato group while the band 

1 14 15 

at 2140 cm to the ^^^sing from the bridged SON group. " 

The band at 790 cm~^ is assigned to the skeletal mode having major 

contribution from ^(^ 3 ) the thiocyanato group. The positions 

of the bands at 790 and 2080 cm“^ suggest that the bonding is 

through nitrogen atom of the NCS group. ' This is what one 

should expect in the spectrum of the complex if it has t'wo strongly 

IT -acceptor ligands (viz.., AsPh^) attached to the ssme metal ion 

IB 19 

where SON group is also linked. Thus, one could suggest on 

the spectral (ir and visible) and magnetic studies, the following 
tentative structure of the complex; 
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AsPh. 


SCN 


Ru 


■S — CsrN> 


SCN-^ I S 

AsPh^ 


AsPh3 


Ru 

8 


AsPh. 


'NCS 


NCS 


The dimeric nature of the suggested structure was further con- 
firmed by the value of its molecular weight, (experimental value 
1760 and the calculated for the dimer, 1774) . 

( ii) Carboxylate complexes 

The ir spectra of the carboxyl ato complexes showed bands 

in the region 1660 and 1605 cm These may be assigned to the 

characteristic bands of carboxylate group behaving as unidentate. 

The bands in the region 1590-1650 cm ^ are considered diagnostic 

20 

of unidentate coordination. These .compounds are soluble in 
chloroform and dichloromethane. In most of the solvents the 
complexes are partially dissociated as suggested by the molecular 
weights determined cryoscopically (eratic values which suggest 
minimimi of two different species in solution) and by the visible 
spectral studies. Thus, the following tentative octahedral 
structures have been proposed for these complexes on the basis 
of the spectral and magnetic studies; 

AsPh^ AsH^o 

^ ^ I ^ 

J I ^^(RCOO) 

* R=CH 3 or CH 3 CH 2 

( RCOO) 1 Cl V 

AsPh 3 AsPh 3 
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(iii) 0,-Diketpne complexes pf ruthenium (II )_ 

Two or three sharp bands appeared in the region 1530 cm ^ 
to 1610 cm ^ (Table III. 3) in the spectra of all the 3 -diketone 
complexes. The positions of these bands are characteristic of 
the mixed mode of vibrations arising due to the normal coordi- 


nate having contributions from and of the coordi- 

nated B-diketones. All the characteristic bands due to tri- 
phenylphosphine or arsine and B -diketones were also present in. 
the spectra. Due to limited solubility in bromoform/ attonpts 
to measure the molecular weights of these compounds were not 
successful. However, the values obtained from these measure- 
ments were found to be nearer to those of the values calculated 
for dimer. Hence dimer structures have been assumed. In case 
the arrangoment of the ligand molecules has to be octahedral as 
indicated by spectral (visible) and magnetic studies, the com- 
pounds have to be dimers with chlorobridges. Thus, on the basis 
of these, the following bridged structure is proposed for all 
these complexes: 
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(iv) i'toijie .complies of 

The ir spectinjm of the ammonia complex [ RuCl 2 (AsPh 2 ) 2 ^ 

showed bands at 3400, 3360, 3270, 3200, 1620 and 1245 on The 
bands which appeared in the range 3400-3000 csn ^ have been assign- 
ed to of NH^. The band at 16 20 cm ^ may be due to 

6 ^(NH 2 ) and the band at 1245 cm"^ due to 6 g(NIi 2 ).^^ The ir 
spectrum of [ RuCl^C AsPh^) 2^ showed bands at 3360 and 

3280 cm The spectra of primary amines show two bands due to 

-1 22 

V in the region 3500-3300 cm . So the bands at 3360 and 

3280 cm ^ may be attributed to of the coordinated methyl- 

amine group. These complexes are air sensitive and change to a 
black compound when kept in air for sometime. 

In the complexes of the type [RuCI^C AsPh^) 2 ^^ (L.= H 2 NNH 2 
or CgHgNHNH 2 ) , the hydrazine or phenylhydrazine should act as 
monodentate if an octahedral arrangement of the ligand molecule 
is assumed around the metal ion as indicated by visible and 
magnetic studies. In general hydrazine acts as bidentate in its 
complexes but the nitrc^en elemental analysis clearly indicated 
the presence of two hydrazine molecules in the complex, Ibe ir 
spectrum of the hydrazine complex showed bands at 3370 and 3330 
and that of the phenylhydrazine complex, at 3300 and 3270 cm 
These bands . are assigned to The following octahedral 

structure has been proposed for these complexes: 
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Table III, .3 

Some important infrared frequencies of the complexes 


Complex 

RuCl( acac) ( AsPh^) ^ 

RuCl(dfcm) (AsPh^) ^ 
RuCl(ba) (AsPh^) 2 
RuCl ( acac) ( PPh ^ ) 2 
RuCl ( dbm) ( PPh 3 ) ^ 

RuCl(ba) (PPh 3)2 

RUCI2 ( AsPh 3 ) 2 ( NH^ ) 2* 

RuCl 2 ( As Ph3 ) 2 ( NH 2 ) 2 * 
RuCl2(AsPh3) 2(i?H2NH2)2* 
RuCl 2 ( AsPh 3 ) 2 ( Cg NHNH 2 ) 


Frequency in on 

I565(m) and I530(s) 

1600 (m) and 1530(s) 

1560(m) and 1530 (s) 

1570(m) and 1535(s) 

1595(m) and 1530(s) 

1610(m), 1570(s) and 
1530(s) 

3400, 3360, 3270, 3200, 
1620 and 1245 

3360 and 3 280 

3370 and 3330 

3300, 3270 and 1630 


m = medium; s = strong; 

*all the bands are of medium intensity. 
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L 

Cl 

L=NH2 or CH2NH2 or 

hydrazine or phenyl- 
hydrazine. 

One of the interesting properties of these compoionds is that 
they decompose when dissolved in solvents like chloroform or 
dichloromethane , 


AsPh. 



AsPh^ 




Fig.lII,.1 ELECTRONIC SPECTRA 
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Fig. Ill.l; (a) Electronic spectmm of (i) RuCl^C AsPh^) 2(CH2COO) 
in chloroform ( - ), (ii) RuCl^C AsPh3) ^(CH^COO) 

in chloroform with 0.017 M CH^COOH ' '‘ ),(iii) 

RuCl^C As Ph^) 2(0113000) in chloroform with 0,35 M 

OH3OOOH taJcen immediately after adding 0H3000H( ), 

(iv) RuOl2( AsPh3) 2( OH3OOO) chloroform with 0,35 M 

OH3OOOH, taken after 30 min. of mixing (— • — ) 

and (b) electronic spectrum of (i) RuBr3(AsPh3) 3 in 

chloroform (- -O- - -O • -O ) and (ii) RuBr3( AsPh3) 3 

in chloroform to which LiBr in methanol was added 
( - A* " — ) • 
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CHAPTER IV 


P -DIKETONATO( TRIPHENYLPHOSPHINE) - 
AND (TRIPHENYLARSINE) COMPLEXES 
OF RUTHENIUM( III) 

Carboxylic acids and their platimm-metal derivatives 

feature ext ensitely as homogeneous catalysis-^ ^ A large nxamber 

of carboxylato(triphenylphosphine) complexes of rutheniuin( II) 

6 

have been reported. Only a very little amount of work has 
been done as far as p -diketonato( triphenylphosphine) deriva- 
tives of ruthenium(ll) are concerned. Similar such work on 
ruthenium( III) searis to be a neglected one. In this chaj3ter 
the reactions of p -diketones with ruthenium (III) triphenylphos- 
phine and triphenyl arsine complexes are described. 
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EXPERMENTAL 

m 

All the reagents used were of chemically pure or Analar 

grade. 


Trichloro-tris (triphenyl arsine) ruthenivim( III) / tribromo- 
tris ( triphenyl arsine) ruthenium ( III) , trichloro-tris ( triphenyl- 
phosphine) ruthenium( III) and tribromo-bis(triphenylphosphine)- 
( methanol) ruthenium. (Ill) were prepared according to the litera- 
ture methods.^ 

PREPARATION OF ^COMPLEXES 

( i) Acetyl acetonato dichloro-bis ( triphenylarsine) rutheniumC III) , 

[RuCl^Cacac) (AsPh 2 ) 2 ] 

[ RuCl^ ( AsPh ^) 2 ] (0*25 g) was dissolved in benzene (10 ml) 
and a solution of acetyl acetone (0.5 ml) in ethanol (5 ml) was 
added to it. The mixture was heated under reflux for 3 hr 
whereby a green solution was obtained. The solution was con- 
centrated to about 5 ml on a water-bath and then cooled. Green 
crystals appeared. These were filtered and washed successively 
with benzene and ether. The crystals were recrystallized from 
dichloiX)me thane and methanol mixture and dried under vacuum. 

(ii) Dichloro dibenzoylmethanato-bis(triphenylarsine)- 
rutheniimi(lll) ^ [ RuCl^Cdhm) (AsPh^) 2 ] 

This complex was prepared in a similar way as in (i) 
taking [RuC 12 ( AsPh^) ^ 3 dibenzoylme thane. Ihe green 
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complex obtained was recrystallized from dichloromethane- 
methanol . 

( iii) Benzoyl acetonato dichloro-bis(triphenylarsine) rutheniiam(II 3 ) , 

[RuCl^Cba) (AsPh^) 2 ] 

This complex was prepared by a similar procedure as in 
( i) taking [RUCI3 ( AsPh3) 3 ] and benzoyl acetone. The green 
complex thus formed was recrystallized from dichloromethane- 
methanol, 

( iv) Acetyl acetonato dichloro-bis (triphenylphosphine) ruthe- 
niumClIl)/ [RuC 12( acac) (PPh^) 2 3 

[ RuCl2(PPh2)3 ] ( 0,25 g) was dissolved in 10 ml of . benzene 
and a solution of acetylacetone ( 0.5 ml) in ethanol (5 ml) was 
added to it. The mixture after heating under reflux for 3 hr, 
was concentrated to about 5 ml on a water-bath and cooled. 

Green crystals of the complex were formed which were filtered, 
washed with benzene and ether and dried under vacuum. Recrys- 
tallized from di Ohio rome thane-methanol to yield green crystals 
of the complex, 

(v) Dichloro dibenzoylmethanato-bis(triphenylphosphine) - 
ruthenium ( II l) , [ RuCl2(dlxn) (PFh^) 2] 

This complex was prepared in a similar manner as in (iv) 
taking [RuGl2(PPh2) 2 3 dibenzoylraethane^ The complex 
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obtained was recrystallized from dichlorome thane-methanol, 

(vi) Benzoyl acetonato dichloro-bis(triphenylphosphine) -ruthe- 
niiam(lll), [RuCl^Cba) (PPh^) 

This complex was prepared by a similar procedure as in 
( iv) by taking [RuCI^ (PP h^) ^ ] snd benzoyl acetone. The complex 
obtained was recrystallized from dichloromethane-methanol. 

(vii) Acetyl acetonato dibrorao-bis (triphenylarsine) ruthenium( III) 
[RuBr2(acac) (AsPh^) 2 ] 

Ihe mixed solution of [ RuBr^ ( AsPh^ ) ^ ](0.25 g) in benzene 
(10 ml) and acetyl acetone (0-5 ml) in ethanol (5 ml) was heated 
under reflux for 3 hr. Ihe resulting solution after concentra- 
ting on a water-bath to about 5 ml was cooled whereby brown crys 
tals of the complex obtained. These crystals were filtered, 
washed with benzene and ether and dried under vacuum. Recrys- 
tallized from dichloromethane-methanol. 

(viii) Dibromo dibenzoylmethanato-bis( triphenylarsine) ruthe- 
nium (Hi), [RuBr 2 (dbm) (AsPh^) 2 1 

as 

This complex was prepared by the s are method ^in (vii) 
taking [RuBr2(AsPh2) ^ I and dibenzoylme thane. The brown complex 
obtained was recrystallized from dichloromethane-methanol. 
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( ix) Benzoyl acetonato dibromo-bis (triphenyl arsine) ruthenium (ill) , 

[ RuBr2(ba) ( AsPh2) 2 ^ 

This complex was prepared in the same way as in (vii) by 
using feuBr^ ( AsPh^) ^3 benzoyl acetone. The complex was 

recrystallized from dichloromethane-methanol. 

( x) Acetyl acetonato dibromo-bis ( triphenylphosphine) ruthenium( III) / 

[ RuBr 2 ( acac) (PPh ^) 2 J 

A ’solution of [ RuBr^ (PPh^) 2*^®0 h] (0,25 g) in benzene 
(10 ml) and acetyl acetone (0,5 ml) in alcohol (5 ml) was heated 
under reflux for 3 hr. The solution was then concentrated on 
a water-bath to about 5 ml and cooled whereby brown crystals of 
the complex were separated. They were filtered and washed with 
benzene and ether and dried under vacuxim. They were then recrys- 
tallised from dichloromethane-methanol. 

(xi) Dibromo dibenzoylmeth«nato-bis( triphenylphosphine) ruthe- 
nium(lll), [ RuBr2(d]xn) (PPh^) 2 ] 

This complex was prepared in a similar manner as in (x) 
by using[ RuBr^ ( PPh^) 2 *^®®^ ] dibenzoylmethane. The complex 
was recrystallised frcxn dichloromethane-methanol. 

(xii) Benzoyl acetonato dibix>mo-bis(triph«iylplx>sphine) ruthe- 
nium(lll), [ RuBr2(J3a) (Pfh^) 2 ] 

This complex was also prepared by the sanie method as 
described in (x) by taking [ RuBr^CPPh^) ] and benzoyl- 
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acetone and recrystallised from dichlorom ethane and methanol. ■ 

Carbon and hydrogen analyses/ melting points/ infrared 
spectra/ electronic spectra and magnetic susceptibilities were 
obtained according to the methods given in Chapter II, The 
chloride and bromide analyses were carried out by the standard 
methods. 

The molecular weights of the complexes were determined 
cryoscopically (depression in freezing point) using highly puri- 
fied bromoform. Electron spin resonance spectra of the powdered 
samples and in chloroform solution were recorded with Varian 
Associates Model V4502 EPR Spectrophotometer using rectangular 
cavity in mode and the results are given in Table IV. 4, 

RESULTS JDISCUSSION 

Elemental analyses and molecular weights of the complexes 
confirm that these complexes are monomeric with the general 
formula [RuX 2 (bdk) L^ ] (X=C1/ Br; bdk =P -diketonate; L=PPh 2 / 
AsPh^) . 

The infrared spectra of the complexes showed all the bands 
due to triphenylphosphine or triphenyl arsine. Besides these/ 
two or three bands were present in the region 1525-1610 cm 
These may be assigned to the characteristic bands of the coor- 
dinated p -diketones arising due to the normal coordinates 



Analytical data# colour# melting point and magnetic moment of the complexes 
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T^le IV .„2 

Some important infrared frequencies and 
molecular weight of the complexes 


Characteristic Molecular 


SI. 

No. 

Complex 

frequencies of 

P -diketone 
-1 

cm _ . . 

weight __ 

Calcd Found 

1 . 

RuCl 2 {acac) (AsPh 2)2 

1530, 1565 

883 

842 

2 . 

RUCI 2 ( dbn) ( AsPh^ ) 2 

1540, 1610 

1007 

988 

3. 

RuCl^ba) {As?h 3 ) 2 

1530, 1570, 

1610 

945 

960 

4. 

RuCl 2 (acac) (PPh 3)2 

1530, 1570 

795 

774 

5. 

RuCl 2 (dhm) (PPh 3)2 

1525, 1540, 

1600 

919 

906 

6 . 

RuCl 2 (ba) (PPh 3) 2 

1540, 1560 

857 

873 

7. 

RuBr 2 ( acac) ( AsPh 3) 3 

1530, 1570 

972 

986 

8 . 

RuBr 2 ( dbm) ( AsPh 3 ) 3 

1530, 1570 

1096 

1120 

9. 

RuBr 2 (ba) (AsPh3)2 

1530, 1570, 

1605 

1034 

1032 

10 , 

RuBr 2 (acac) (PPh 3 ) 3 

1545, 1575 

884 

869 

11 . 

RuBr 2 (dbm) (PPh3 ) 2 

1535, 1550, 

1610 

1008 

1029 

12 . 

RuBr 2 (ba) (PPh 3)2 

1535, 1560, 

1600 

946 

932 
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13 

having contribution from and In the spectra 

of the chloro-complexes/ the bands assigned to 'wsre 


present around 305 cm 


The absence of the bands around 28G 


cm in the chloro-complexes indicate that chlorine atom is not 
acting as a bridging ligand between twa ruthenium atoms 


Magnetic Susceptibility 

The values of the magnetic moment of all the complexes 
correspond to one unpaired electron suggesting fully spin paired 
configuration for the ruthenium ion in +3 oxidation state. 
However/ the magnetic moments of foiur complexes range frCTn 
2,31 to 2,71 B.M, For octahedral ruthenium (III) complexes the 
maximum value of the magnetic moment theoretically possible is 
about 2.30 The values obtained (2.31-2.71 B.M.) neither 

conform with the expected magnetic moments for fully spin paired 
configuration nor with those expected for the spin free case 
(. - 5.9 B.M.), Further, if the symmetry of the complex is low- 
ered from Oj^ towards or , the ground state of ruthenium- 
(lll) will be orbi tally nondegenerate and the orbital contribu- 
tion to the magnetic moment will approach to zero. As a result 
the values of the magnetic moment will be lowered further aid 
approach towards the spin only value (1,73 Ifowever, if 

one considers in a complex that the field strength due to 
ligands and symmetries are close to the spin transition region, 
small changes in these conditions will then be enough to make 
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the ground state of the rutheni\am(lll) ion^ a doublet state/ a 
sextet state or a quartet state or these states will be close 
enough so as to be approachable through thermal energy* With the 
result, the values of the magnetic moments will be higher than 
the spin only value depending upon the relative population of 
the ground and the next excited state (measurement of magnetic 
susceptibility involves taking a statistical average over the 
magnetic interactions of the occupied states) . In these comp- 
lexes it is therefore assumed that the symmetry of the complexes 
is lower than O^, possibly or and the field strength of 
the ligands are such as to make the quartet or sextet spin state 
near the doublet spin groxind state. The excited state being 
partially populated by the canplex molecules, will thus, contri- 
bute to the magnetic moments making their values relatively high. 
In other cases where the values of the magnetic moment lie below 
2.31 B.M./ these states (quartet or sextet) may be relatively far 
from the gro\ind state and their contribution to the magnetic 
moment will be relatively less. The lowering of the symmetry 
from towards or in all the complexes is also indica- 
ted by the esr studies. Also, the esr studies of the complex 
[RuCl 2 (db!m) (PPh^) 2 ] s^g^ested the quartet state to lie near the 
ground doiiblet spin state, 

.^_eGtrpn,.S')qin Jiesp.nanqe Spectra^^^^ ^ ^ ^ 

All the complexes except three exhibit spectra characteris- 
tic of an axially symmetric complex with g,, around 1*81-1.94 
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^_L 2,26-2.46 (Table IV. 3) . The average <g> value 

turns out to be in the range of 2,14-2.28. In chloroform solu- 
tion there is practically no change in the esr spectra of these 
complexes. 

The spectra of the other set of three complexes/ viz., 
[RuCl 2 (ba) (PPh^) 2 ] ^ [RuCl^Cdbm) (PPh^) 2 ] and [ RuBr 2 (dbm) (AsPh 3 ) 2 ] 
were different from those of the previous set. The spectrum of 
[ RuCl 2 ( ba) (PPh^) 2 ] exhibited three bands with g^ = 2,3470, 

1,9373 and g^^ 1.8563. The spectrum of [RuCl 2 (dbm) (PFh^) 2 ] 
showed five bands while that of [RuBr 2 (dbm) (AgPh^) 2 ] six bands 
(Pig. IV, 3 ). In the spectrum of [RuCl 2 (dlmi) (PPh^) 2 ] there also 
appeared a band due to half-field J:ransition. 

The ground state of ruthenium ( III) is strong 

cubic field. It is split into two states by a tetragonal, field, 

a doubly degenerate ^B^ state and a four fold degenerate 

state. These have a total energy separation of 6 which is 

defined as the tetragonal field strength. First order spin 

orbit coupling within these states further splits the states 

into two doubly degenerate spin states. As a result of these 

Interactions and the interactions in the magnetic field, it c^ 

be shown that in an octahedral field v;ith tetragonal distortion, 

16 

g^- gyT^g^ and one should, thus, expect two values for ' g‘ . 

A mathematical expression to calculate the values of g| and 
for low spin d^ sys ten having octahedral symmetry with tetra- 
gonal distorition has be^ given. It was shown that in cases 
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Table W.3 

Electron spin resonance spectral data 


SI. 

No. 

Complex 


^1 

<g> 

1. 

RuCl^C acac) ( AsPh^) 2 

2, 3070 

1 .8848 

2.1663 

2. 

RuCl 2 (dbm) (AsPh ^) 2 

2.2667 

1.8688 

2.1341 

3. 

RuCl^(ba) (AsPh^) 2 

2.2998 

1.8136 

2.1344 

4. 

RuCl2(acac) (PPh2)2 

2,3470 

1.9423 

2.2121 

5. 

RuBr2(acac) (AsPh2)2 

2.3674 

1.9247 

2.2198 

6 . 

RuBr 2 (ba} (AsPh ^) 2 

2.3674 

1.9373 

2.2240 

7. 

RuBr2(acac) (PPh^) 2 

2.4601 

1.9076 

2.2759 

8. 

RuBr2 ( dbm ) ( ) 2 

2.4086 

1.9263 

2,2478 

9. 

RuBr2(ba) (PPh3) 2 

2.3866 

1.9122 

2.2285 


9 
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“1/2/ +1/2, In such a case, transitions +1/2 ■ +3/2 may be 

expected besides other normal transitions with A M = +1. Ihe 

s — 

number of transitions withAM^ ~ J^l will/ under these conditions/ 
be more than three in number. In the spectnom of our complex/ 
the presence of five bands conforms with the assumption made 
to explain the band due to half-field transition. The value of 
magnetic moment for this complex was found to be 2,71 B,M. which 
is much higher than the spin only value for one xinpaired elec- 
tron (1,73 B.M.). The higher value of the magnetic moment also 
indicates the presence of a low lying quartet state which is 
thermally populated by the complex molecules. Because of the 
partial occupation of this state by the molecules/ the statis- 
tical average over the, magnetic interaction of the occupied 
state will give higher value for the magnetic moment of the 
complex (U =2.71 B.M.), In the other complexes the energy diffe- 
rence between this state (quartet spin) and doublet spin state 
may be relatively large and therefore, the contribution to the 
magnetic susceptibility due to this state will be relatively 
less. This will result in relatively lower values of the magne- 
tic mcmients of other complexes as compared to -2,71 B,M. Also the 
absence of more than two bands and the band due to half-field 

i . . ■ ■ 

transition in these complexes suggested the larger energy sepa- 
ration between the ground double and the next excited quartet 
spin states. Here we have not taken into account the sextet 
state. The presoice of sextet state should give one of the ' g’ 
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values around Since the experimental value of * g* 

does not exceed more than 2,65, it is therefore, asstimed that 
the sextet state is possibly not the next higher state. 

In the spectrum of [ RuBr 2 (dbm) (AsPh^) 2 ] six bands with 
* g* values ranging from 1.57 to 5,23 have been observed. The 
higher value of * g* viz., 5,23 could only be explained by assu- 
ming the sextet spin state lying near the ground doublet spin 
state. However, this assumption could not explain the low 
value of magnetic moment (2,1 B.M.), Even if one assumes the 
ground state contribution to the magnetic moment of the complex 
as 1.73 B.M. (spin only value) and the remaining contribution 
( 0,37 B.M.) due to the presence of sextet state next to the 
doublet state, it is not very reasonable to explain the value 
of magnetic moment. At this stage it is not possible to give 
a reasonable explanation for the appearance of six bands in the 
spectrum of the complex. 

It is to be pointed out here that the above discussion of 
the esr spectra of the complexes is only tentative. 

E i_ec t rpn i c^ Spe ct r a 

The electronic spectra of all the CK>mplexes in chloroform 
solution showed two to three bands around 600, 500 and 400 rum 
(Table IV, 4 and Figs. TV, 4 and IV, 5). These bands are very 
much characteristic of the octahedral surrounding of the ligand 
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Table W. 4 

Electronic spectral data of the complexes 


No . 

IX 

Complex 

‘ \ . 2 ' ^ 

^max 

nm 

3. . 

e 

‘ " 4 ' 

Assignment 

".1 5T.":X ^ 

1 . 

RUCI 2 ( acac) ( AsPh^) 2 

585 

220 

2 g ^ 2 g 



385 

3,310 

Charge Transfer 

2 . 

RuCl^Cdbm) (AsPh^) 2 

595 

225 

3<p , — 2 ^ 

^ 2 g ^ 2 g 



395 

3,400 

Charge Transfer 

3. 

RuCl 2 (ba) (AsPh^) 2 

59 2 

195 

^ 2 g ‘^ 2 g 



390 

4,935 

Charge Transfer 

4. 

Ru Cl 2 (acac) (PPh 2)2 

605 

195 

2 g •^ 2 g 



390 

2 , 180 

Charge Transfer 

5 , 

RuCl 2 ( dbn) ( PPh^ ) 2 

615 

75 

^T - -> ^A 

2 g 2 g 



390 

2/ 980 

Charge Transfer 

6 . 

RuCl 2 (ba) (PPh 3)2 

600 

300 

^T ^A 

^ 2 g ^ 2 g 



390 

3,070 

Charge Transfer 



360 

4,675 

** 

7 . 

.RuBr 2 ( acac) ( AsPh ^) ^ 

640 

245 

■^ 2 g -^g 



490 

1,690 

Qiarge Transfer 



405 

2,320 

- It 

8 . 

RuBr 2 ( dtan) ( AsPh^ ) 2 

650 

316 

2 g ‘^ 2 g 



475 

2,620 

Oiarge Transfer 



400 

2, 550 

" 'll ' ' 
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T^le _IV, _(_oqrrtd.J^ 


- 1 . ,r. - 3'7, r - -A ' I 

9. RuBr2(ba) (AsPh^) 2 645 380 ’ ^^2^ ” ■ > ^A2g 

485 2,010 Charge Transfer 

380 4,350 

10 . RuBr2( acac) (PPh^) 2 265 ^'^ 2 g ^ ^^ 2 g 

495 2,045 Charge Transfer 

410 3,190 " 

11. RuBr2(dhm) (PPh2)2 655 260 ^'^2-g ^ ^^2g 

470 1,885 Charge Transfer 

420 3,300 ” 

12. R'uBr2(ba) (PPh^) 2 ^55 255 ^'^2g ^ ^^2g 

475 1,520 Charge Transfer 

415 2,365 
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molecules around the ruthenitam(lll) ions.^^' Generally 

in the visible region rutheniim(IIl) ion shows charge transfer 

21 

bands • The bands around 600, 500 and 400 rm could be assigned 
to charge transfer bands* However/ the value of the extinction 
coefficients of the band around 600 nm is low (»250) indicating 
the possibility of its being due to ligand field transition* 

In the octahedral syimnetry one spin allowed transition should 
appear due to ^2g should be split or unsynimetri** 

cal in a tetragonal or rhombic field. The shape of the band at 
600 nm is also not symmetric. It is therefore preferred to 
assign the band around 600 nm due to ligand field transition 
and the bands around 500 nm and 400 nm to be due to charge 
transfer. The lowering of the symmetry from Oj^ towards or 
*^3v also been indicated by the esr spectra. 

The positions of all the bands in the bromo complexes 
shifted towards longer wavelength side. This may be due to the 
greater reducing power of Br than Cl whereby the positions 
of all the charge transfer bands shifted to longer wavelength 
(390 nm band 500 nm) . Further Br~ ion produces weaiker field 
as compared to that of chloride ion and hence the ligand field 
transition shifted towards longer wavelaigth side (600 nm 
650 nm) . Besides this shift/ the following trends have been 

observed for the band around 600 nm { T^^ A_ ): 

2g ^ 2g 

(i) The positions of the bands in phosi^ine complexes 
shifted towards longer wavelength as ccxnpared to those of arsine. 
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(i±) The positions of the bands in dibenzoylmethanate, 
benzoyl acetonate and acetyl aceton ate complexes are shifted 
progressively towards shorter wavelength side. 


Thus on the basis of the 
data/ the following geometries 

RuCl2( acac) (AsPh^) 2 

RuCl2(dbm) (AsPh ^) 2 
RuCl2(ba) (AsPh3) ^ 
RuCl2(acac) (PPh3)2 
RuBr2(acac) (AsPh3) ^ 
RuBr2(ba) ( AsPh3) 2 
Ru3r2 ( acac) (PPb 3 ) 2 
RuBr2(dbm) (PPh3) 2 
RuBr2{ba)<PPh3)2 
RuCl2(ba) (PPh3)2 


ir, electronic and esr spectral 
are postulated for the complexes: 

^4h ^c>ctahedral gecxnetry 
with tetragonal distortion) 

ft 

** 

H 

n 

tt 

fi ' 

n ■ 

, , n ■■ 

Octahedral geometry with 
rhombic distortion 




jRuCi2 (acac) (AsPh3). 


RuCi2(dbm)(AsPho) 


RuCl2(ba) (AsPho) 


DPPH''' 
g = 2^0036 







EXTINCTION COEFFICIENT 



(T) RuCl2(acac) C AsPh3)2 
(D RuCt2(clbm) (AsPh3)2 
(D RuCl2(acac) (PPh3)2 
© RuCt2 (ba ) (PPh3)2 


400 500 600 

WAVELENGTH , n m 

Fig.IV.A E1,§CTTONIC SPECTRA 
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4500 



550 

WAVELENGTH ,nm 


Fig. IV. 5 ELECTRONIC SPECTgA 
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CHAPTER V 


RUTHENIUM(III) AND RUTHENIUMC II) 

COMPLEXES CONTAINING TRIPHENYLARSINE 
AND TRIPHENYLARSINE OXIDE 


A wide variety of ruthenixjm( II) complexes with tertiary- 

phosphines and arsines have been synthesized.^ Only a few 

2 

analogous ruthenium (ill) complexes are known. In this chapter 
further investigations on the ruthenium ( III) complex 
[RuCl^CAsPh^) (OAsPh 

it has been concluded that the formula of the compound should 
have been [RuCI^C A sPh^) jrather than [ RuCl^CAsPh^) - 

(OAsPh2) 2] been erroneously reported earlier. A new 

isomer of C RuCl^C AsPh^) ^ ] besides other new compounds is also 


2)2] have been reported. From these studies 


reported. 
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EXPERIMENmL 

All the reagents used were of choptiically pure or An alar 

grade. 

Trichloro-bis (triphenyl arsine) (methanol) rutheni\im( III) 
was prepared by the method described in the literature.”^ 

PREPARATIONS OF COMPLEXES 
(a) Ruthenium (lll)^ Complexes 

.(i) Trichloro-tris( triphenyl arsine) ruthenium (lll),|^ [RuCI^ ( AsFh^)^! 

0,3 g of triphenyl arsine was added to a solution of 
[RuCI^ (AsPh^) g) in 10 ml of benzene; It was heated, 

under reflux in nitrogen atmosphere for 1 hr and then filtered. 
The filtrate was kept for 6 hr at 0°C whereby pink crystals 
appeared. These were filtered out^ washed with benzene and 
ether and dried. 

(ii) Trichloro-bis(tri phenyl arsine) '(triphenyl arsine oxide)- 
ruthenium ( III) , [ RuCl^ ( AsPh 3 ) 2 ( 0 AsPh 3 ) ] ; 

0,2 g of triphenyl arsine was added to a solution of 
i [RUCI 3 (AsPh 3 ) 2 »^eOH ] ( 0,2 g) in 30 ml of benzene. It was hea- 
ted under reflux in the presence of oxygen for 2 hr whereupon 
a reddish bro^ cxxnpoxand was obtained. It was filtered/ washed, 
with benzene and ether and dried under vacuum. 
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(iii) Trichloro-bls( triphenylarsine) ruthenium(IIl),[RuCl 2 ( AsPh^) 2 ] • 

0,2 g of[ RuCl^ ( AsPh^) ] was taken in 10 ml of benzene 

to v^ich 0.1 g of triphenylarsine was added. It was heated under 
reflux in nitrogen atmosphere for 1 hr. A dark brown compound 
separated. It was filtered and washed with ether and .dried 
under vacutm. 

(b) Ruth enium^ Il)_Compl exes 

( i) Trichloro nitrosyl(triphenylarsine) (triphenylarsine oxide) - 
rutheni\jm( II) , [RuCI^ ( NO) ( AsPh 3 ) ( 0 AsPh 3 ) ] : 

0,3 g of [ RUCI 3 ( AsPh 3 ) 2 (OAsPh 3 ) ]was dissolved in 10 ml 
of dichloromethane and nitric oxide gas was passed into the solu- 
tion for about two hours whereby the colour of the solution 
changed to light pink. The solution was then concentrated to 
about one ml and ether was added to it, A li^t pink compound 
precipitated out. It was filtered and washed with ether and 
dried under vacuim. 

( ii) Dichloro-dicarbonyl ( triphenylarsine) ( triphoiyl arsine oxide) - 
ruthenium (ll), [RuCl 2 (<^) 2 (^Pk 3 ) ( 0 AsPh 3 ) ] : 

0.2 g of [ RuCl 3 (AsPh 3 ) 2 (C>AsPh 3 ) ] was dissolved in 10 ml of 
dichloromethcffae and carbon monoxide gas was passed into the solu- 
tion for about 2 hr. The solution becane li^t yellow in colour. 
After 'Concentrating the solution to about one ml, petroleum ether 
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was added whereby a yellow compound precipitated* It was fil- 
tered and washed with petrolexjm ether and dried ^ander vacu\am. 

It was recrystallized from' dichloromethane - petTOleum ether 
mixture. 

The percentage of halide present in the complexes was 

, 5 

determined by the standard method. Carbon/ hydrogen and nitro- 
gen analyses/ melting points/ electronic spectra and magnetic 
measurements were obtained according to the methods described 
in Chapter II. Infrared spectra were recorded using Perkin- 
Elmer 521 in the range of 4000-300 cm~^ and Perkin-Elmer Infra- 
cord in the range of 4000-700 an The electron spin reso- 
nance spectra of tha compounds were taken using Varian Associates 
Model V-4502 esr Spectrophotometer at room tonperature. The 
results are given in Tables V,1 and V,2. 

RESULTS ANO^ DISCUSSION 

(l) Complex [ RuCl^ (AsPh^) 2 (®AsFh 2 ) ] 

3 

This complex was earlier formulated as [ RuCl^ ( Aslh^)" 
(OAsPh 2 ) 2 ^ on the basis of ir and chanical reactions with pyri- 
dine. The reinvestigations^ however, revealed that the 

complex should be foimulated as [RuCI^ (AsPh^) 2{0*s^3^ ] • This 
was further confirmed by the following experimental resultsi 

(1) The ir spectrum of the compound [RuCl2(AsPh2)2^0AsPh2) 3 
showed a band at 880 an indicating the pres^ce of triphenyl- 



Analytical data, metling point, colour and magnetic moment of the complexes 
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arsine oxide around 880 an in the complex. 

(ii) The reactions of the complex with a number of coor- 
dinating solvents e.g., CH^CN, CI^CH2CH2CN, dmf and dmso yield- 
sd compounds having the general formula [ RuCl^ (AsPh^) 2^] * 

(L= solvent molecule). The ir spectra of these compounds did 
not show any band around 880 cm ^ . These compounds and the ones 
described in Chapter II having the same ^pirical formulae were 
identical. 

(iii) Its reactions with- tetraphenylarsonium chloride and 
tetramethyl ammonium chloride gave Ph^As[RuCl^(AsPh2) 2] • 2^02^0 
and Me^N[RuCl^( AsPh^) 2 ] r-espectively . ® 

(iv) One of the reaction products isolated after the compl 
tion of the reactions described in (ii) and (iii) was found to 
be triphenyl arsine oxide. 

Since in the above reactions (cf. (ii)) one molecule of 
the solvent replaced one molecule of triphenyl arsine oxidg from 
the complex to form [ RuCl^ ( AsPh^) 2^] ^ leaving triphenyl arsine 
oxide in the reaction medium, only one molecule of triphenyl- 
arsine oxide rather than two should be present in the complex. 
The formula of the original compound stould therefore be 
[RuCl^ ( As Ph3 ) 2 ( OAs Ph3 ) ] . 

The' experimental value of magnetic moment of [ RuCl3(AsPh3) 

(0AsPh3) ] is 2.80 B.M. It is very much higher th^ predicted 

3 

theoretically for Ru with one impaired electron. In order to ‘ 
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explain this it is assumed that in this compound the ligand 

■f • 3 1 

^leld strength around Ru and symmetry are close to spin tran- 
sition region and small changes in the conditions are enough to 
make the ground state of Ru somewhere in between T_ and 

^ ^ rm 

'^2g "^Ig" will tend to increase the value of the mag- 

netic moment high. A few examples of Ru complexes having 
higher values of magnetic moment have been reported in the 
It is equally possible that the ruthenium may 
• exist in +4 state as an impurity in the complex which will 
increase the value of magnetic moment of the complex. This has 
been ruled out. by the fact that the magnetic moment values of 
the complexes [RuCl 2 {AsPh 2 ) 2 ^ 1 etc.) and the complexes 

formed by the reactions of this complex with various ligands 
were found to be normal (* 2,0 B.M.). 

The esr spectrum of the compound [ RuCl 2 (AsPh 2 ) 2 ('^AsPh 2 ) } 

in the powdered form taken at room temperature showed three 

absorption lines (Fig, V.l). The g values have been calculated 

taking DPPH 'g' value as 2.0036. The calculated values of ' g‘ 

from the spect 3 rum were, g = 2.4266, g = 2,1754 and g = 1.6731. 

These values correspond with those found for other ruthenitKi( III) 

io 

complexes having € 2 ^ symmetry. For the complies 
having C 2 ^ symmetry, 52z ^ %cx ^ ^*yy there will be three 

absorption lines in the esr spectra. On the basis of the number 
of lines and the values of ' g* , following distorted octahedral 
structure has besi assigned to this ccanplex. 



121 


Cl 

( 2 ) Carbonyl and Nitrosyl^ Oomiglexes 

The reactions of [ RuCl^ ( AsPh^) ] with nitric oxide 

and carbon monoxide are very interesting. The analytical data, 
indicated the formation of two new complexes [RuCI^ (NO) ( A sPh^) - 
(OAsPh^)] and [ RuCl2(C0) AsPh^) (OAsPh^) ] as a result of the 
reactions. Both the complexes were found to be diamagnetic 
indicating rutheni-um to be present in +2 oxidation state in the 
complexes. The diamagnetic behaviour of the complex 
[RuCI^ (no) (A sPh^) (OAsPh^)] could only be explained if one assumes 
that nitric oxide molecule is bonded to ruthenixjm as NO . This 
is further substantiated by the ir data. 

The positions of the major ir bands in the spectra of 
these complexes and the probable assignments are as follows: 

(a) ' All the characteristic bands due to triphoiyl arsine 
were preset in the spectra., 

(b) In the spectra of both the complexes the bands due to 

“1 

''^As=0 present at 870 cro indicating the presoice of , tri~ 

ph^yl arsine oxide. 
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(c) The spectrum of the carbonyl complex [RuC12CC©)2 - 

(AsPh^) (OAsPh^) ] showed two strong and sharp bands at 1980 am""^ & 
**^1 

2090 cm , These were assigned to v (CO) and ^ (CO) respec- 

sy asy ^ 

tively. The positions of these bands indicated that the two 
carbonyl groups are terminal and linked in the cis-position.^^ 

(d) The spectrum of the nitrosyl complex showed one strong 

-1 12 
and sharp band at 1860 cm . This has been assigned to 

The position of this band indicates that NO is linked with the 

,+12 

metal ion as NO . 

The following interesting points are worth noting in these 
compl exes ; 

(i) Unlike other ccmplexes formed by the reactions of 

[ RuCl^ (AsPh^) ] with coordinating solvents (Section l(ii)) 

triphenyl arsine oxide remains bonded with ruthenium in the car- 
bonyl and nitrosyl complexes, 

(ii) Rutheniim is reduced from +3 to +2 oxidation state. 

(iii) When [ RuCl^ { NO) ( AsPh^ ) ( OAsPh^ ) ] was dissolved in 

benzene and reflioxed with triphenyl arsine^ the well character!- 

12 

sed complex [ RuCl^ ( NO) ( AsPhg) 2 3 obtained and in the 

filtrate the triphenyl arsine oxide was separated and identified. 

(3) [ RuCl 2 (AsPh 2 ) 3 ] (pink) 

The analytical data indicate that the empirical formula 
of the complex is [RuCI^ (A sPh 3 ) ^ J which is similar to that of 
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3 

the brown compound described in the literature- This compound 

could therefore be either a polymer or oligomer or an isomer of 

the brown compoxmd. Since the preferential geometry found in 
3 

Ru complexes is octahedral having six coordination sites/ it 
is quite unlikely that the complex [RuC 12( AsPh^) ^ 3/ having six 
discrete donors, will be polymeric or oligomeric. It is, 
therefore, assumed that it is different isomer of the well charac- 
terised brown complex [RuCI^ ( AsPh^) ^ ]♦ substantiate this 

assiimption and to derive a plausible structure of the complex, 
the following experiments were performed. 

The pink compound [ RuCl^ ( AsPh^ ) ^ ] was allowed to react 
with various coordinating solvents like CH^CN, CH 2 CH 2 CH 2 CN, dmf 
and dmso. The compounds formed as a result of these reactions 
have the general formula [RuCI^ (A sPh^) 2 ^ 3 (b= solvent molecule) 
identical to those which were obtained by reacting [ RuCl^ ( AsPh^) ^ 3 
(brown) with the respective solvents. This suggested that the 
brown and the pink compounds are similar in nature. The two 
compounds were not identical was further corroborated by the 
values of their magnetic moment (pink complex, 2.1 B.M.; brown, 
complex, 1.9 B.M.) data. These values further indicate the 
oxidation state of ruthenium to be +3 in these complexes. 

The esr spectra of these complexes (Fig. VI, l) have be^ 
takoi at rocxn temperature to decide their possible geometries. 
Since for a complex ^3 v ® 5 Tn®ietry, 
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and for a complex having symmetry ^ , one should 
expect two values for ' g' in the first case and three values in 
the second case. The esr spectrum of the brown compound showed 


two absorption lines at g^ = 2.4907 and g^j = 1.6913. The value 
of has been calculated to be 2,2242, The spectrum of the 


pink compound showed three lines and from the positions of these. 


the values of g^ , g^ and g^ were calculated to be 2.5382, 2.2627 
and 1.7117 respectively. Based on the above esr study, the 
brown compound should have symmetry and the pink, symme- 

try. The following structures have therefore beoi postulated 
for the complexes; 



cis-Csv 

(Brown compound) 


trans- 

(Pink compoTond) 


In order to explain the identical reaction products formed 
as a result of the reactions of both the complexes (pink and 
brown) with various coordinating solvents (e,g, , CH^CN, CI^CH 2 CH 2 CN) , 
the following dissociative mechanism out of many plausible ones 
has been tentatively assigned. First, one of the triphoiyl arsine 
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molecuies/^issociates with the formation of a pentacoordinated 
species which in tnm rearranges to the sane pentacoordinate 
species in both the cases and finally a coordinating solvent 
molecule attaches itself to give the same hexacoordinated 
compl ex [ RuCl 2 ( As Ph^ ) 2 ^ • 

(4) Complex [RuCI^ (AsPh^) ^ ^ 

Reaction of [RuCI^ ( A sPh^) 2 -^sOH ] with triphenyl arsine 
under refluxing condition in benzene gave [ RuCl^ ( AsPh^ ) 2 3 
magnetic moment of this complex is 2,20 B.M. which indicates 
that ruthenium is present in +3 oxidation state with one un" 
paired electron, Ihe same compound has also been reported by 
others. * The electronic spectra of this complex has been 
discussed in Chapter II, 

e:kctronic specii^ 

In the visible spectra of the octahedral complexes of spin 

5, 

paired d system, low energy charge transfer bands ascribed to 
electron transfer from filled molecular orbitals mainly on the 
ligand to the hole available in the t 2 g orbitals are promi- 
nent.^"^ The spectra of all the complexes of rutheni«n(lll) 

showed a weak band around 500 nm aid a number of moderately 
intense bands in the range of 300 to 400 nm. One should expect 



126 




/ 

1 ? 


p> 

<D 





Cn 

Q) 






* 

» { 


CM 

CM 





CM 

44 






-p 

; * 


fCC 

CO 





< 

m 






: a 

• i 


CM 

s 





CM 

a 






<D 

^ ' 



m 






0 






^ £ 

! ' 


A 

U 





A 

k 






^ & 


t 

t\ 


■ c 

- 

£ 

i 

f} 



c 








0) 





- 

0) 






to 

i 1 



cn 






Cn 






5 CO 

i 


tJl 

p 





Cn 

k 






? < 



CM . 

(0 





'CM 

0 







? f 








Sh 

sP 






t 

i ; 


CM 

D 





CM 

u 






i 



o 

CM 

\D 

CO 

CO 

*s 

CD 

t> 

o 

tH 

CM 



^ iH ',r-f 



r> 

CM 

r-{ 

O' 

CO 


tM 


CTk 


fH 


m 

^ *H 1 



CM 

CM 

CO 

CO 

CO 


LO 

£> 

CO 

SO 

Mi» 


0) 


fr^? 

I 

Q\ 

CM 

VD 

O 

CO 

1 

CD 

CM 


to 

<3\ 


s 

1 e > 6 

4 < 


H 

CM 

CM 

CO 

CO 


r-f 

CM 

CM 

CM 

CM 


r-i 

! r^ ^ 















Qi 

? o ; 

- t 














g 

' 'in £ 

1 


O 

jH 

O 

O 

o 


o 

O 

o 

o. 

O 


0 

« 5 : 2 


1 

CM 

LO 

CD 

CO 

o 

1 



tH 

a\ 

Mf* 


0 

! ^ E ^ 



in * 


CO 

CO 

ro 


LO 


Mi* 

CO 

CO 


Q) 


J * 














rC 


; 














4-J 

; * 


CM 

o 

I> 

CO 



CM 

CM 

lO 






\ : w 

1 ^ 

CM 

CM 

rM 

CO 



t^ 

tHI 

a\ 






! 1 

cn 

CD 

to 

a 



CM 

r- 





CAl 

0 

* £ ' 

S j> 



tH 

CM 





rH 




• 


; M C: 














. 

m 

^ O 0^ 

■■ £ 

£■ 

tn 

cn 

o 

iH 



to 

CM 

CM 




^ i 

<d; . 


^ iw *H:r4 

, ' < 


LO 

a\ 

r- 



o 

O 

ro 




<0 

< p -p : 1 

' 

CO 

O 

ro 

to 



(y\ 

CM 

to 




rHt 

*d 


5^1 

CM 

fH 


CO 



tH 

o 

CO 




& 


= O r-f^ 6 

S ' 

vH 

CM 

CM 

CM 



tH 

CM 

CM 




(0^ 

iH 

; HO* 

1 - 














m 

. rC Vli 

, \ 















1 ^ ? 1 

o 

LO 

o 

o 



o 

LO 

LO 





-p 



tH 

O 

ri 

lO 




G\ 

CM 





u 

0) 

: ■’ j #< 

i E 

1 : 

00 

•*;1< 


CO 



CD 


mH 





0 

i 


K i 



-H 






a 

J 


*' i 

CO 


o 



' ' i 

jC 


k 

ir 





•P 



‘ ' 

CO 

P 

V 



; 

l< 

•H 

0 


X 

; ' 

O 

ft 

fH 

i 

' 




0 


CM 

CO 



H 

^ < 




i 

Qi 

^<Ml 

CO 

ro 


~ 

E 

- i 1 


4P 


f 

,0 

i ! 

ft 

ft 



0 

1 : 

CO 

CO 


I 

( 


i t 

< 

< 




j j 




! 



ro 

ro 




I i 

r-i . 

r-{ 


i 



o 

V 




? f 

p 

p 


■"k ■ ' 


! ) 

ft 

ft 



• « 


' * 

« 



-H 0 


tH 

CM 

1 

M 

to S 





contd 



127 


* 1 

Cn 

D> 

Dv 

Cn 

cn 



r - 


CM 

r-i 

tH 

CM 

rH 

*■■ 



B 

B 

B 

B 

B 


i 

fO 

r) 

rH 

CO 

CO 

iH 

9 

,1 ! 

A 

A 

A 

A 

A 

A 

t 

f 

'■ i 

i ^ 

D> 

DN 


tji 

tn 

tji 


t * 

«r 

<r 


r~i 

rH 

< 


> 

5 1 


iH 

rH 


rH 

rH 

■v 

r : 


CM 

O 


CM 

VD 


1 ; 


CM 

CJN 


CM 

rH 

) 


1 

CM 

CO 

1 

CM 

CO 


' # 


CM 



CM 

VD 

: 

; ! 


CM 

CM 


CM 

CM 


■ 


O 

O 


O 

O 

*; 

v\£>' 

1 

m 

r-f 

1 

in 

CO 


' < 

^ i 






CO 

e 

; 

» £ 

t-- 

CO 

CM 

CO 


CO 



t-f 

VO 

in 

rH V 

> o 

CO 

5 







CO 

4 

's i 

1 t 

o 


O 

o 


VD 

1 

5 * 

in 

tH 

CJN 

in 

o 

ON 



a\ 


CO 

a\ 

VO 

o 

r 


• VO 

CM 


VD 

ON 


> 



CM 

CM 

rH 

tH 

CM 

\ 

i 1 

! ' 

o 

o 

o 

o 

c 

m 

: 

‘f^ 

■ON 


T-i 

ffi 

rH 

rH 

s 


in 

5:f» 

K;J* 

to 

in 


/ 

i 






l I 


CM 








o 

O 

1 


t' '9 


o 


1 £ 




CMi 

c 

CO 

CM 

V 

•( 

* ; 

rH 

rH 

f 

>l 

r s 

u 

u 

f 

: * 



' w 

m 

: . 

cc; 



rH: 

_D^ 

: 1 
i 



■*■ 

m 


« 

• 

' ■ 1 


IH 

CO 


■ t ■ s 



128 


two Laporte allowed bands ascribed to Ljj transition in 

the region 300-400 nm. However/ the presence of four to five 

bands having similar extinction coefficient may be due to their 

splitting because of the large value of spin-orbit coupling cons- • 
14 

tants. The band around 500 nm may be either due to ligand 

17 

field transition or due to charge transfer corresponding to 

transition from one of the components of '^'^Xg ^‘^^2g* 

very difficult to adjudicate this matter. The electronic spectra 

appeared to be similar to that for other octahedral complexes of 

ruthenitjm(lll) . The band around 840 nm in solution spectra may 

be due to the pent acoordin ate species present in solution which 

7 

was absent in the Nujol mull spectra, 

fi 

The visible spectra of the d complexes are not so ccxnpli- 

cated because the charge transfer bands appear in the high energy 
1 8 

region. The low energy bands • could be safely assigned to ligand 
field bands ~ this case one should expect 

four bands (two weak and two intense) corresponding to transi- 
tion from ^'^2g'' ^'^Ig ^^2g* visible spectra 

of the carbonyl and nitrosyl complexes showed two weak bands 
around 590 and 500 nm and strong band arotind 400 nm, Ihe values 

of lODq, B/ C and P are calculated from the positions of these 

19 —1 

bands. The values of these constants are 27/668 on / 332 csn , 

3573 and 0.5 1 respectively ’t^ich are well within the range ' 

of the octahedral complexes of ruth^iumCll) , 
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CHAPTER VI 

COMPLEXES OP RUTHENIUM (I I) CONTAINING 
TRIPHENYLPHDSPHINE AND p-DIKETONES 

A large nimber of complexes of ruthenium ( II) containing 
triphenylphosphine and carboxylic acids as ligands are known 
in the literature, ^ but only a few analogous complexes of ruthe- 
nitm(ll) containing triphenylphosphine and p-diketones as 
ligands have been reported. Chapter III and TV of this thesis 
describe reactions of p -diketones with triphenylphosphine and 
arsine complexes of ruthenium(ll) and ruthenium ( ill) . In this 
chapter the results of the interaction of p -diketones with 
[RuH 2 ( CO) ( PPh^) 3 ] and [ RuHCl ( CO) ( PPh^) ^ ] are reported. 

KPERlMENTi^ ■ 

All the chemicals used were of ch^ically pure or An alar 


grade 
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Carbonyldihydro-tris( triphenylphosphine) ruthenlxjm(ll) and 

carbonylchlorohydrldD-tris ( triphenylphosphine) ruthenium( II) were 

3 

prepared according to the literature methods. 


PREPAI^TIpNS 

( i) Acetyl ace ton a to hydrido carbonyl-bis ( triphenylphosphine) - 
rutheniuin(Il),[ RuH{acac) (CO) {PPh 3 ) 2 ]* 

A solution of acetylacetone (0.5 ml) in alcohol (5 ml) was 
added to a solution of [RuH 2 (C 0 ) (PPh 2 ) 2 ] (0.2 g) in benzene 
(10 ml). The solution was heated under reflux for 3 hr whereby 
a yellow solution was obtained. After concentrating the solu- 
tion/ pstrolexim ether was added and kept for slow crystalliza- 
tion i Yellow crystals appeared. They were filtered/ washed 
with petroleum ether and dried under vacuum, 

( ii) Dibenzoylmethanato hydrido carbonyl-bis ( triphenylphosphine) - 
ruthenium ( II) , [ RuH(dbm) (CO) (PPh^) 2 

This complex was prepared by using a procedure similar 
to (i) taking [RUH 2 ( CO) ( PPh^ ) and dibenzoylmethane. 

( iii) Benzoyl acetonato hydrido carbonyl-bis(triphenylitK>sphine) - 
ruthenium(ll) / [RuH(ba) (CO) (PPh^) 2 ] : 

This complex was prepared by a similar procedure as des- 
cribed in (i) taking [RuH 2 ( CO) { PFh^ ) j J and benzoyl acetone . 
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(iv) Acetyl acetonato chloro carbonyl-bisCtriphenylphosphine)- 
rutheniiamC II) , [ RuCl( acac) (CO) (PPh^) 2 J* 

A solution of acetyl acetone (0,5 ml) in ethanol (5 ml) 
was added to a solution of [ RuHCl(CO) (PPh^) 2 g) in benzene 
(10 ml). The mixture was heated under reflux for 3 hr whereby a 
yellow solution was obtained. On concentrating the solution, 
petroleijra ether was added whereupon a yellow compound separated. 
It was filtered, washed with petrol eim ether and dried under 
vacuum. 

(v) Chloro-dibenzoylmethanato carbonyl-bis( triphenylphosphine) - 
ruthenium ( II) /C RuCl ( dbm) ( CO) ( PPh 3 ) 

This complex was prepared by a similar procedure as des- 
cribed in (iv) by taking [ RuHCl(CO) (PPh^) 3 ] and dibenzoylmethane. 

(vi) Benzoyl acetonato chloro carbonyl--bis(triphenylphosphine)- 
ruthenium( II) , [ RuCl(ba) (CO) (PPh3) 3 ]* 

This complex was prepared by the same procedure as in (iv) 
taking [ RuHCl(CO) (PPh 3) 3 ] and benzoyl acetone. 

Carbon and hydrogen analyses, melting points, magnetic 
measuranents, infared and electronic spectra were done as des- 
cribed in Chapter II, The chloride content in the complexes was 

.4 

determined by the standard method. 
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The analytical results are given in Table VI, 1. 

RESULTS AND DISCUSS ION 

The analytical data indicate that as a result of the reac- 
tions of [ RuH 2(C0) (PPh^)^ Jwith various P -dikatones/ one hydride 
ion and a molecule of triphenylphosphine were replaced from the 
original complex by a molecule of p —diketone to give complexes 
of the type [RuH(bdk) (CO) (PPh^) 2 i (bdk = P -diketonate) . Similarly 
by reacting [RuHCI(CO) (PPh^) ^ 3 with P -diketones, one hydride 
ion and one molecule of triphenylphosphine were substituted by 
one molecule of p-diketone with the formations of [RuCl(bdk) (CO) - 

Ma,qne_tdc Susceptibi lity 

All the complexes were diamagnetic indicating ruthenium 
in +2 oxidation state (d system) . 

Infrared .Spectra 

Ihe infrared spectra of the complexes [ RuH(bdk) (CO) (PFh^) ^ 
showed bands around 2000, 1940, 1600, 1580 and 1530 cm ^ (Table 
VI. 2 ) besides other characteristic bands due to triphenylphos- 
phine and p-diketone. The band aroiind 2000 on ^ is assigned 

-1 

to around 1940 on to ''( 00 ) non- 

5 

bridging carbonyl group. The bands around 1600, 1580 and 



Analytical data/ melting point and colour of the complexes 
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1530 cm are the characteristic bands due to coordinated 0-di- 
ketones which arise due to the normal coordinates having contri- 

S 

butions from and 

The infrared spectra of the complexes [RuCl(bdk) (CO) (PPh^) 2 ] 
showed bands around 1980, 1600, 1575 and 1530 cm ^ . The strong 
and sharp band around 1980 cm ^ can be assigned to the v qq of 
the coordinated carbonyl gaxiup and the ones around 1600, 1575 
and 1530 cm to the coordinated 0-diJcetone.^ 


ELECTRONIC SPECTRA 


All these complexes are found to be diamagnetic meaning 

thereby that their geometry ought to be pseudo octahedral. If 

one asstimes the field arotmd Ru to be Oj^ symmetry, the grotind 

state of rutheniiomCll) ^'^ 2 g i^^^^tion) should be ^g» The 

excited state corresponding to ®g configuration are ^T^^g' 

3 11 

T^g, Tj^^ and T^^ in increasing order of energy. Thus, four 

1 3 3 

bands corresponding to the transitions frcm -^Xg * ^ Lg' hg' 
11 

ha "^20 appear in the electronic spectra of the 

ccmplexes. Regarding charge transfer bands, no band due to 
L -^ M transitions are possible in the visible region in the 
low spin d system. Also, because of the presence of, carbonyl, 
hydride and phosphine as ligands capable of producing strong 
ligand field e* levels, are relatively high in energy. As a 
result the bands due to charge transfer transitions ®g 
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^ ill the high energy region, Iherefore, 

the lowest charge transfer band due to excitation of an electron 

from metal ^ 2 q to ■unfilled molecular orbital derived from 

the 'W * level of the ligands ^'^2g ^lu ^2u ^ should appear 

comparatively in high energy region compared to those due ■to 

t„_ e transitions, 
zg g 

In ■the spectra of all the complexes four to five bands 
appear v;ithin 3 20-700 nm range. Two bands in the low energy 
region (500-700 nm) have very low values of the extinction coeffi- 
cient (3-30), These very weak bands could be assigned to spin 

13 3 

forbidden transitions ( '^Ig' "^Sg^ * Nujol mull 

spectra/ one moderately intense band around 400 nm/ had a shoulder 

around 390 nm and another Toand appeared around 340 nm. In the 

spectra taken in chloroform solution only one band around 400 nm 

was present and no split has been observed. The bands at 400 

1 1 

and 340 nm have been assigned to spin allowed ( -^g ^Ig ' 

^T 2 g) transitions. The split in the 400 nm band may be either 

due to lowering the symmetry from O^^ or due to vibrational struc- 

-1 

ture of the C^O stretching mode which is around 2000 cm for the 
ground state of the ccxnplexes. It will be difficult to set aside 
one reason for the other for the split of the band, however/ "the 
anount of splitting (“ 2000 cm ^) does indicate that the split 
may be due ■to the vibrational coupling. These bands could have 

s 

be^ due ■bo charge transfer/ but/ in a d system one should 
expect charge transfer bands to appear on a much high energy 



Electronic spectral data of the complexes 
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level and hence/ the assignments given in Table VI. 3 are pre- 
ferred, From the position of the bands, the values of lODq, 

1 3 

B, C, p and the position of the band due to '^2q 

tion have been calculated. The values are within the acceptable 

range of those found in other octahedral ruthenium(ll) complexes. 

Thus, on the basis of the analytical data/ magnetic and 
spectral (ir and visible) studies, the following three struc- 
tures are possible for these complexes. However, without X-ray 
single crystal studies it is not possible to prefer one over 
the other; 
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Over the past two decades a large amount of work has 
been done on the complexes of ruthenixm with tertiary-phos- 
phines and arsines. These complexes act as good catalysts in 
various reactions. Besides these ccsnplexes have been used as 
starting materials for the syntheses of many ruthenium(Il) 
and rutheni\am(lll) complexes. Present wark concerns with the 
reactions of some of the ruthenium (III) and ruthenixim(ll) 
complexes of triphenylphosphine and triphenyl arsine with a 
number of other ligands. The structures of the complexes 
formed as a result of these reactions have been investigated 
using various physicochemical techniques. 

The reactions of [ RuCl^ (AsPh^) 2 ] have been studied with 
the ligands containing nitrogen, oxygen and sulphur donor atoms 
Pour types of behaviours are exhibited by the cx»nplex. 
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(1) Displacement of one of the triphenyl arsine molecules 
by one molecule of the ligand giving complexes of the type 
[RuCl3(AsPh3)2L] ( L = CH3CH2CH2ah CH^=CHCt^, (inf, CH^CHO, CgH^CHO, 
C2H5NO2) . 

(2) Displacenent of tvjo triphenyl arsine molecules by one 
molecule of a bidentate ligand giving [ RuCl^ ( AsPh^) L] (L=bipy, 
phen) , 

( 3 ) Reduction of ruthenium ( III) to ruthenitjm(ll) with 
partial displacement of the triphenyl arsine groups giving com- 
plexes of the type [RuC 12( AsPh^) 3^2 ] (L= CH^CN, CH3CH2CH2CN, 
CH2=CHCN) , 

(4) The formation of ionic ruthenium (III) complexes of 

the types M[RuCl^(AsPh3) 2] (M = Me4N'^, Et^w"^)/ Ph^As [RuCl^ ( AsPh3) 3}. 
2Me2CO and RuCl3X(AsPh3) 2 ] (M = Me^N*^; X = Br# l) on reacting 
the complex with tetraalkyl-armioniim or tetraphaiyl-arsonixm 
halides. 

On the basis of the electronic spectral and the ehsnical 
reactions studies an equilibrixm between hexa- and penta-cooir- 
dinated species has been postulated in a nxmber of oamplexes. 

The reactions of potassiim/sodiim thibcyanate, carboxylic 
acids with [RuCl3(AsPh3)3] have been studied. As a result of 
these reactions dimeric complexes [Ru(SCN) 3( AsPh3) 3 32 
[RuC 12( AsPh3) 2(RC»0) 33 have been obtained. It has been shown 
that these have thiocyaiato and chloro bridges respectively. 
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The reactions with ainmonia/ anine and hydrazine resulted in 
the following type of complex [ RuCl^C AsPh^) 21^2 ^ 

NH2NH2, ^ uew ruthenium ( III) complex 

[RuBr2(AsPh2)3 ] has been synthesized and studied. The elec- 
tronic spectral studies indicate that there is an equilibrium 
between hexa- and pent a- coordinated species in solution for 
[RuBr3 ( AsPh3 ^ 3 ] and [ RuCl ^ ( AsFh3 ) 3 ( RCOO) ] 3 complexes . 

Compounds of the type [ RuX2(bdk) ] (X=C 1 , Br; bdk = 
P-diketonate; I»= PPh3, AsPh3) have been obtained when p-dike— 
tones were allowed to react with the ruthenixmi(lll) phosphine 
and arsine complexes. A few of these complexes showed high 
value of magnetic moment than expected for the spin paired 
ruthenium (ill) octahedral complexes* The high values of the 
magnetic moment have been explained by the presence of quartet 
or sextet spin state near the ground doublet spin state. The 
esr spectra of these complexes have also been studied. These 
studies indicate the octahedral geometry with tetragonal dis- 
tortion, In one case the distortion is rhombic. The presence of 
quartet or sextet spin state has also been suggested by such 
studies in one of the complexes. 

The reactions of p -diketones with polymeric and dimeric 
ruthenixjmCll) complexes viz., C 2^n 2^ 2 

resulted in the formation of dimeric ccwiplexes of the type^ ^ 
[RuCl(bdk) L3] 3 (bdk= p -diketonate; L=PPh3, AsPh3) bridging 
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through chlorine atoms. Various physical methods have been 
used to understand their geometry. Further/ the reactions of 
P -diketones with hydrido chloro carbonyl and dihydrido- 
carbonyl phosphine complexes of ruthenium( II) , viz,/ [R uH2(C0) - 
(^^^3)3 ] and [ RuHCl(CO) (PPh3)3 ]gave monomeric complexes 
[RuH(bdk) ( C 0 )( PPh3) 3] and [ RuCl(bdk) (CO) (PPh3) 2]respeGtively, 

The ruthenium(lll) complex [RuCl3(AsPh3) (0AsPh3) 3 ] has 
been restudied. It is found that this complex should be for- 
mulated as [ RuCl3(AsPh3) 2(OAsPh3) ]. The reactions of this 
complex with nitric oxide and carbon monoxide gases resulted 
in the formation of two new ruthenium ( 1 1) complexes [RuCl3(N0)- 
{ AsPh3) (0AsPh3) ] and [RUCI2 2^ ^^•^^^3) ]. Apart from 

this a new isomer of [ RUCI3 ( AsPh3) 3 ] has been synthesized and 
proved to be different from the brown isomer by the esr and 
magnetic studies. Various other physical methods have also 
been used to study these complexes* 
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i^^DEtroUM 


The yields of the products were more than SOTo in most 
of the cases except in the following: 


Yield 

£aqe 

.Reaction 

6 CP /0 

28 

(viii) & (ix) 

40% 

115 

( a) (i) 

70% 

116 

( a) ( iii) 

60% 

134 

(i),(ii) & (iii) 

60% 

135 

(lv),(v) & (v±) 


CHAPTER II 


■ Discussion 

__ recently reported^ that the complex 

3i should be formulated as ;Ir(s CPPh )- 
^ ^ <^2 3 

raJCPPh^)^! . It is^ therefore possible that the complex 
[RuCl3(AsPh3)2(^CS2)j may not be a CS^ complex and should be 
formulated as JWCI3 ( AsPh3) (S2CAsPh3)j • However, on grinding 
with Nujol mull, a band at 920 nm appeared in the electronic 
spectra taken in Nujol mull. This indicated the presence of 
five coordinated species. The exact mode of bonding of 083 

molecule in the complex can be determined only by X-ray crys- 
tallography. 

(11) Ihe statement on page 51 of the thesis that 

|_RuCl3( AsPh3)^ has a square Pyramidal strticture in the solid 

state is deleted from the text of the thesis. 


(1) G.R. Clark, T.J-. 

Tcwn^ CheiB* 


Collins, S-.M. Jaraes, W.R. %>r>er and 
Comm., 475 (1976). 


1 



page 51 
line 18 


(±i) 

It will be very difficult to assign a reason for the 
discrepancy in the band positions (910 nm^ ys 776 nm^) in the 
low energy region of the visible spectrum of jRuCl^ ( AsHi^ ^ ^ ^ 
which might/ hov.'ever, be due to the difference in the nature 
of the solvent in which the spectra were taken. In one case 
benzene was used while in the other case chloroform. Such a 
difference of about 40 nm was also observed in the case of 

[RuCl 2 (AsPh 3 ) 2 (CH 2 CN)J in benzene (900 nm) and in chloroform 
(860 nm) . 


CHAPTER III 
EXPERIMENTAL 

There is a possibilityv of the following equilibria to 
exist in solution 


t -i Excess of Br 

?^Br3 (AsPh3)3j [^Br^ ( AsPh^ ) + AsPh^ 

Br + [^Br 3 (AsPh 3 )^ ^ ^ ^ J ~ 

In order to comment on this equilibria, the following experi' 
ments were performed. 


(i) Reactions of [RuBr 3 ( AsPh 3 ) 3 ] tetraalkyl ammonium 
bromides were carried out similar to the ones described on page 
27, (reaction vi) . In all the cases the attempts to isolate : 
tetraalkylammonium salts of the species [RuBr^ ( AsPh 3 ) g] “ have 


failed. 


( 2 ) 

(3) 


Chapter II/ page 51, line 17 of” the thesis. 


P.T. 

R.K. 


Manoharan, P.K. Mehrotra, M.M. 
Andal,^ Inorg. Qi^., 2753 


Taqui Khai and 
(1973) . 



( iii) 


(ii) The electronic spectnam of jRuCl^ ( AsPh 3 ) 3 ] taken 

in chloroform solution ('wlO ^M) which showed a band at 910 nm. 
bml of a saturated solution of lithium chloride in methanol 
was added to 10 ml of the above solution and the spectrum was 
recorded. In the spectrum the band at 910 nm disappeared and 
a new band appeared at 600 nm# besides a band at 5 20 nm. 


( iii) The electronic spectrum of 
in nitrobenzene was recorded. 

DISCUSSION 

The dissociation behaviour of jRuBr^ ( As^ 3 ) J given on 
page 77 of the thesis is further substantiated by the following 
experimental results. 


RuBr. 






If the following equilibrixm 

[RuBr3(AsPh3)3] ^ j^Br3 ( AsPh3} 3^ + AsPh3 


Br" + [RuBr 3 <AsPh 3 ) 2 j; 




|RuBr^(AsPh3)3j 


is assumed# one should be able to isolate the tetfaalkyl-aiTffnonium 
salts of the species j^Br^ ( AsPti^ ) J similar to j^Cl^ ( AsPh 3 ) ~ 
by the addition of tetraalkylaimK>nium bromides as obtained by 
T.A. Stephenson. The failure to isolate such compounds 
suggested that jPuBr^ ( AsPh 3 ) ^Pecies did not form during 
the reaction in solution. It may however be [RuBr 2 (AsPh 3 ) 3 j'^ 
as suggested by the study of its electronic spectra in the 


( 4 ) T.A. Stephenson, Inorg. Kuci. Chem. Lett., 4 , 687 (1968). 

(5) T.A. St^ihenson, U, Choai, Soc, (a), 889 (1970). 



presence or absence of triphenyl arsine (page 76 of the thesis). 

The electronic spectrum of ^Cl^ ( AsPh3 ) 3I taken in 
chloroform solution showed a band at 910 nm. This band dis- 
appeared if a solution of lithixim chloride in methanol was 
added to the solution of JRuCl^ (AsPh^) ^ ! snd a new band appeared 
at 600 nm besides a band at 520 nm. This suggested the presence 
of hexacoordinated | RuCl^ ( AsPh^ ) 2I species x^ich was further 
supported by the separation of compounds R^NiRuCl^( AsPh^) 2? 

(R = Me or Et) on the addition of the corresponding tetraalkyl- 
ammonium chloride and then stirring it for several hours. Also, 
the band at 910 nm disappeared from the spectrum of ^RuCl^ ( AsPh^ ) 3 1 
on the addition of triphenyl arsine indicating the dissociation 
of triphenyl arsine from ^RuCl3 ( AsPh3) 3 jin 

r- 1 Solution ^ -j 

|^RuCl3<AsPh3)3j ^ , - > |RuCl3(AsPh3)2 ^ + AsPh^ 

!_RuCl3(AsPh3)2j+ AsPh3 ^ rRuCl3 ( AsPh3)3j 

excess 

t — 

The conductivity of j_RuBr3 ( AsPh3 ) 3 j explained by ^ 

assiiining the following s el f*- ionization: 

2 i^BrsCAsPha) 2(CgH3N02)j i^r^ < AsPha ) 3] ~ '' 

r“ . . ^ '■ 

+ L^®^2 ^ 2^ ■' * 

This possibility is ruled out on the following grounds: 



■ ( v) 

Bie electronic spectror, of [RuBr3 ( AsPhj ) 3] in nitrobenzene 
solution showea a band at 970 nm indicating the' presence of penta- 
ooordlnated species . but no band appeared in the 600 „„ region, 
ais suggested^ the absence of hexacoordlnated species like 
^ uBr^ ( AsPhj ) . Since in the self-lonlzation process both 

Penta- and hexacoordlnated species were indicated, the absence 
of the band around 600 nm suggested that the presence of hexa- 
ordinated species does not exist in solution and thereby the 

absence Of the self-ionization. 

CHAPTER IV 
DISCUSSION 


page 102 
line 18 


An alternative explanation which could explain the magne- 
tic susceptibility data could be as follows: 

# 

Maonetlc Data: The values of the magnetic moments of Rut III) 
complexes as pointed' out in Chapter IV, should not exceed 2.3 B« 
( 15 ). Thus, all the P-diketone complexes except no. 1, 2 5 

and 6 (Table IV.l) show normal vai;es suggesting the presence' 

Of Ru(IIl) in the complexes. The higher values in four complexes 
have been due to the presence of some impurity of Rudv) 
complex formed during the course of the reaction and which possi- 
bly could not be separated by recrystallization process. Thus, 
the larger the percentage of impurity of Ru(lv) complex, the 
higher will be the value of the magnetic moments. It will not 
be out of place to indicate here that RUCI3.XH2O used for the 



(vi) 


preparation of the starting materials, j (AsPh-)~l , 

) 2 j and ^RuBr^ ( RPh^ ) 2 • MeOHj , v/as treated to reriove 
any impurities due to Ru(iv) according to the methods described 
in the literature.^" 


The nmr spectra of some of these complexes taken in CDCl^ 
did not show the presence of a number of isomers.. 


-ilectron Spin Resonance Spectral Data: The maximum symmetry 
of all the complexes can not be more than if only the 
nearest atoms around Rudll) are taken into consideration. In 
that case, one should expect three values of ' g« (one each along 
the three principal axes) in spectrum of every complex-. Thus, 
the spectrum of f^Cl^Cba) (PPh 3 ) ^ exhibits three bands with 
gi = 2.34, g 2 = 1.93, and g 3 = 1.83. In the spectra of all the 
remaining complexes except jl^Cl^Cdbm) (PPh 3 ) and f^uBr 2 (dbm) - 
(AsPh 3 ) 2 j " only two bands appeared. The presence of two bands 
in the spectra of these complexes may be due to a change in 
symmetry of the field from the lower to the higher one as dis- 
cussed earlier. However, it is also possible that only two 'g* 
values for these complexes may be arising because of the fortui- 
tously similar values of the two of the three 'g* values expected. 

Ibe spectra of [RuCl^Cdbm) (PPh 3 ) J and |^Br 2 ( dbm) ( AsPh 3 > 
showed five to six bands. In these cases, a mixture of isomers 


( 6 ) 

(7) 


F.a, Cotton and G, 
Wiley Eastern Pvt, 

B.R. Janes and R.S. 
IT, 837 (1975). 


Wilkinson, Adv. Inorg, Chem., 
Ltd., New Delhi, 1969, p. 998. 

McMillan, Inorg. Nucl. Qien. 


2nd Edn 
Lett., 
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I 

I 

with different sets of * a' values could be present and each 

, , f I 

isomer will show its set of tvro or three ‘ g' values, thus result- 
ing in the appearance of five to six bands. ; 

i 

■ i; 

The above explanations for the esr spectra and the magne- 

I 

tic moment data are only tentative. I 

1 

Electronic Spectra: In order to explain the electronic spectra ; 

of these complexes, it has been tacitly assumed on the basis of | 
"Average Environment Rule" that the synmetry of the ligand field | 
around metal ion is pseudo— octahedral. Any departure from ; 

synmetry will either split or deform the bands arising due to 
d-d transitions. In the spectra of these complexes the shape 
of the band assigned to d-d transition was found to be \msymme- 
trical. 

CHAPTER V 
EXPERIM^TAL 

■■ ■ i 

(i) The reactions of | RuCl^ ( AsPh^) 2 ^ with ligands 

such as acetonitrile, butyronitrile, dmf and dmso were carried 
out under similar conditions described in the thesis (Chapter II, 
page 25 reaction (i)) except that nitrogen instead of oxygen 
atmosphere was maintained. These reactions resulted in the 
formation of the same complexes, | RuCl^ (AsPh^) 2 ^ j CH^CN, 

CH 2 CH 2 CH 2 CN, dmf, dmso) and no oxygen evolution was detected. 

After separating the compounds, triphenyl arsine oxide was 
obtained from the mother liquor in 80 - 9 C% yield. 





I ^^^3 ^ ^ 3 1 g, 0.2 mmole) was taken in 

benzene (10 ml) and triphenyl arsine oxide (0.096 g, 0,3 mmole) 

in 5 ml of warm benzene was added. The solution was heated 

under reflinc for 3 hr under nitrogen atmosphere and cooled. The 

resulting solution was concentrated under nitrogen atmosphere 

whereby a reddish-brown compound was obtained. It was centri- 

fuged^ washed with benzene and ether and dried under vacuxm; 

- 1 

yield 40%. J^nalyses; Calculated for ] RuCl^ ( AsPh^ ) 2 ^ ^AsPh^ )? : 

C, 56.77; H, 3.94; Cl^ 9.32. Found; C, 56.41; H, 3.85; Cl, 9,82; 

melting point, 218'^C; the infrared spectra was exactly the same 

r 

as that for iRuCl^ ( AsPh^) 2 (C>AsPh 2 ) 

DISCUSSION 

(i) In the reformulation of | RuCl^ ( AsPh^) (OAsPh^) 2 r 
r 1 ' 

jRuCl^ ( AsPh^) possibility of this being a dioxygen 

complex or more likely starting material contaminated by a 
dioxygen complex is not possible for the following reasons. 

(a) The analytical data fit well with the formula 
I RuCl^ ( AsPh^ ) 2 ( OAsPh^ ) I or v/ith ^RuCl^ ( O^) ( AsPh^ ) 3 K But the 

possibility of the latter complex can be ruled out on the basis 

8 

of its being unstable and non-pref erential geometry (7 or 8 
coordination) of ruthenium. Our complex is very st^le one 
having a sharp melting point. 

( 8 ) B.R. Janes/ L.D. Markham, A.D. Rattray and D.K.W, Wang, 
Inorg. Chim. Acta, 20 , L25 (1976). 



(ix) 


(b) I^ie reactions of this complex with ligands such as 

acetonitrile/ butyronitrile/ c 3 mf and dmso resulted 
complexes ; RUCI3 ( AsPh^) j* Besides/ tripnenyl arsine oxide 

was also obtained from the mother liquor in 80 - 9 CP/. yield and 
no oxygen was evolved. 

/\ 4-- -p ^ PnCi ( AsPlu ) o '' triphenyl arsine 

(c) A reaction of i RuCl^ ^ 

oxide under’ nitrogen at^ephere yielded the complex lIt.Cl3(AsPh3 

(OAsPh,)] in 4 C« yield. This compound has been compared (analy- 

. rorq infrared'^ with the one reported 
tical data, melting point and in_rore 

by us and seems to be identical. 

(li) The 'g' values obtained from the esr spectra of the 

complexes which have been reported to four decimal places are 

now motioned only to two decimal plac 

-I r- . 

(ill) in the preparation of f ^1013 ( AsPh3) f rom IRUCI3- 

(AsPh3)2.MeOH j (page 116 ) about one molar triphenylarsme 

The experiment in the 

added which is not at all neceosary. ^ 

• 1-- r. TTTt- pension of preparing JRuCl^- 
thesis was carried out witn an m 

\~l -J. -w T-trod that with equimolar addition of 

( AsPh3)3h* but it was observed rnau 

\ I (oinb isomer) was not obtained 
triphenyl arsine, '^RuCl3(AsPh3>3j _ 

r_ J rp-ri (AsPli,)r,T was obtained 
as the major product. Instead, .^ 3 ”3 2 .- 

-nToduct {not mentioned in the 

in about 7 yield and a minor p_odu . , 

. . /, {"d lAsPh-,) I (pink) in about lO/o yield, 

thesis) obtained was 1RUGI3 {•Ast'n3/ 

^ ^ *^>.+.o,-ined only after cooling the mother 

The minor product was obtained un j 

o _ J- When about four nolar excess 

liquor to O C for a few hours, wnei 

f 115, reaction (i)) the pink 
of triphenylarsme was used tpage 1 

compound was obtained in about 40 % yield. 



CHAPTER VI 
DISCUSSION 

r 1 

age 144 For the complexes i RuK(P-diketonate) (CO) (PPh^) 2 ! ^ 

or Cl), three possible structure are proposed (page 144). The 
fourth structure given below is also possible. 


Ph-Ps 

O 




PPh3 


I 

Ru 




X X 


CH 


AlsO/ in the case of unsymmetrical p-diketone (benzoylace- 
tone) complies there are seven possible isomers. 

The suggestions concerning above points by the reviewers 
are gratefully acknowledged. 
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